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p. 6, line 20, replace ‘4-8” by “4,8” 

p. 71, ref. 86, replace “Mason” by “Masson” 

p. 95, lino 7, replace “or” l)v 

p. 112, la4st line, replace “acetic” b> “n-caproic” 

p. 127, ref. 28S, replace “615” by “039” 

p. 155, ref. 404, leplace “140” by “ 1 107” 

p. 189, ref 494, replace ‘*Battege\ ” by “Batte^^a^ ’ 

p. 309, legend to Fig 2, delete “OVnght)” 

p. 312, legend to Fig 3, delete “(Wright)” 

p. 320, line 12, replace ‘ 100 X 0 X 12” by “ 100 X 10 X 12” 

p 329, legend to Fig I, lead as 

“ . Absorption of phenol in alcohol ( i ” 

p 348, ref. 45, replace “ITamei ” by “Jlamnei “ 
p. 367, ret 75, replace “ Katzellenbogen ' by “ Kat/enellenbogen’ 
p. 369, ref 77, replace ‘Katzellenbogen” b\ ‘Katzenellenbogen ” 
p. 371, ref 82, replace ‘H1948)” at the end b\ ‘(1949)” 
p. 373, legend to Fig. 18, line 2, read as 

“ , after refluxing in the daik foi 15 minutes “ 

p. 374, legend to Pig. 19, line 2, read as 

“ , on iodine catalysis ” 

p. 504, line 5, replace ^s” by “is” 
p. 577, line 10, inseit before “,” 

pp. 702-703: According to BI<)S 1661, the diazo component for \ulean Past Yellow 
5G IS 2,2'-dichloro-5,5'-dimethox) ben/idine, for Permanent Red P'2Il 
it 13 2,5-dichloroaniline, and for Vulcan Fast Red GP' it is dianisidine 
Group togethci Lithol P'ast Orange RN and Permanent Red GG, Lit hoi 
Fast Scarlet GRN ami Helio Red RBL, llelio PYst Red RBR and 
Sudan II. 

Delete the line in ^\lllch Permanent Red P'Pll occurs for the second time 
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Substituent groups: 

Ac (acetyl); AQ (anthruquinonyl, a or j3); Ar (aryl); Et (ethyl); 
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Notes on the Text 

Temperatures are in degrees Centigrade. 

Double bonds are not .shown in benzene, naphthalene, anthracene, 
pyridine, and other aromatics ring systems. In a-naphthoquinone (I) and 



anthra({uinone (II) the double bonds in the benzene rings are omitted. 
It is more convenient to represent the phenazthionium cation as (III), 
instead of (IV). Unless otherwise indicated, rings have been numbered 
as in Patterson’s Ring Index, Reinhold, New York. 1910. 

Th(i methyl group is numbered 1 for all toluene derivatives including 
the cresols and the toluidines; xylene derivatives are stated as derivatives 
of 0 -, m- and p-xylene; thus 5-chloro-o-toluidine is 5-ehloro-2-amino- 
toluene, and jn-4-xylenol is 2,4-dimethylphenol. Other substituents are 
numbered in the following order of precedence: carboxyl, hydroxyl, 
alkoxyl, amino and sulfonic groups. Thus the numbering of salicylic and 
anthranilic acid derivatives starts from the carboxy group, and of anisi- 
dine derivatives from the methoxy group. 




Chapter XXllI 


DIPHENYLMETHANES AND TRIPHENYLMETHANES 


1) I P H EX Y LM El’ H A X h » 

Almost the only commercial representative of the dipheiiylmethane 
class is Auramine O (Cl Goo); but this dye, discovered in 1883 (Kern; 
Caro) is still one of the most widely used synthetic dyes, the annual pro- 
duction being several million pounds. The original method of prepa- 
ration, which was cmploycnl technically by BASF, was to heat 4,4'-bis- 
dimethylaminobenzophenone (Miehler\s ketone; I) with ammonium 
chloride and zinc chloride at 150 -1 GO®. The ni«?thod now used was devel- 
oped by Sandmoyer (1880) ; I'-bis-dimethylaminodiphenylmethane (II), 


Me,N(^ ^ C-(^ )>XMe, + H.0 


(I) 


NH, 

^ Cl- 

Auramine O (IlIA) 

I HCl 

Auramine Base 


Mc.N O CHa— ^ ^ NMct — I MejN NMe, 


(II) 


s 

(IV) 


NH, 


sulfur, ammonium chloride and a large amount of common salt as diluent 
are heated to about 200® in a current of ammonia.' The product is 
Auramine Base, which is dissolved in hydrochloric acid, and the dye is 
then salted out. The thioketone (IV) can be first prepared (80% yield) 
by the thionation of (II), and used for subsequent conversion into 
Auramine or triphenylmethanc d^^es via the ketone dichloride.® Aura- 
mine O is a yellow basic dye, which has poor fastness; being a ketonimine, 
it is readily hydrolyzed by hot acids and alkalis, with the elimination of 
ammonia and the formation of Michior’s ketone. In spite of these defects 
the dye is extensively used for dyeing and printing tannin-mordanted 

» Lynch and Reid, JACS 66 , 2515 (1933). 

* BIOS 969 . 
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cotton, dyeing paper, silk, leather and jute, and for the manufacture of 
lakes, because of its cheapness and the brilliance of the pure yellow 
shades. One of the chief uses is for dyeing wool, the shade being fast 
to stoving. The greenish Auramine G (Gnehm and Schmid, 1892) 
(BASF; Cl 656) is also made by the Sandmeyer process, using the 



Auramine G 


diphenylmethane derivulive obtained by the condensation of inono- 
methyl-o-toluidine with formaldehyde. 

The cation of Auramine O is a resonance hybrid of the structures 
(III A, B and C). The fact that the dye is only yellow in color (Xmax. 



(IIIB) (IIIC) 


42(X)A) is explicable when it is considered that the positive charge associ- 
ated with the electronic transition along an approximately horizontal 
path (B C) is diminished as a result of the contribution made by the 
1Vii;ructure (A) to the resoriance. In the cation of the hy(lro(‘hIoride of 
poJichler’s hydrol, the full positive charge is available forthe horizontally 
bUv'arized transition, and the colorless Michle^^s hydrol forms intensely 
of e salts (Xmax. 62()0A). For a similar reason, the A^-acetyl derivative 
Auramine Base is yellow in color, while the salts are deej) violet to 


Me:N O CH= 



= XMe, 


Cl- 

Michlcr’s hydrol 
hydrochloride 


NHAc 



Cl- 

Aeetylauraminc 

hydrochloride 


bluish green; acetylation greatly reduces the ability of the nitrogen 
attached to the methane carbon atom to acquire a positive charge, so that 
a correspondingly larger charge is available for the transition polarized 
along the length of* the molecule. The experimental observations of 
Semper® and others, which were regarded as supporting the original 
Graebe formula (IIIA) for Auramine, are in complete agreement with its 
constitution as a resonating molecule. 

Diphenylmethane (m.p. 24-25®) is obtained by the condensation of 

’Semper, Ann. 881 , 234 (1911). 
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benzene with benzyl chloride in presence of aluminum chloride (Friedel 
and Balsohn, 1880) or aluminum amalgam'^ or various other agents. 

T HI PH BN YLMETH ANES 

Magenta and other triphenylmethane dyes were among the earliest 
synthetic coloring matters, and they still remain an important and 
numerous group. The formation of Magenta was independently noticed 
by Natanson in 1856 and by Hofmann in 1858; Verguin in 1859 achieved 
the first technical preparation of Magenta by heating crude aniline with 
stannic chloride. Various other oxidizing agents were subsequently used, 
and nitrobenzene (Coupier, 1868) has survived. During the next few 
years, new methods for making triphenylmethane dyes, which have dis- 
placed the old Magenta process except for Magenta itself, were developed: 
the phosgene process for Crystal Violet (Kern, 1883), condensations with 
the chloride of Michler’s kedone (Caro, 1883), \.ul oxidation of diphenyl- 
methane bases in the presence of aniline derivatives (Weinberg, 1889). 

Constitution of the Triphenylmethane Dyes 

Because of the empirical character of the Magenta process and the 
complex series of reactions which were involved, it took some twenty 
years for the complete elucidation of the structure of Magenta and its 
derivatives. Hofmann showed in 1862 that Magenta is the salt of a 
base which he named Rosaniline, and which jdelds on reduction a second 
base, leucorosaniline, characterized by its forming (*olorless salts with 
acids in contrast to the deep color of Magenta. Hofmann was followed 
by several other investigators, and finally O. and 1C. Fischer suc(‘eeded 
in determining the constitution of Magenta.*'' 

All the dyes of the series are derived from the ‘r.Tirocarbon, triphenyl- 
methane, and the tertiary alcohol, triphenylcarbiiiol, which are both 
colorless. One or more primary, secondary oi tertiary amino groups or 
hydroxyl groups para to the methane carbon atom are necessary for con- 
verting the carbinol into a dye. When the colorlo.ss p-aminotriphenyl- 



Ber. 18 , 2204 (1880). 


Fuchsonc-imine 
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carbinol (I) is treated with hydrochloric acid, salt formation takes place 
with the elimination of a molecule of water, and an orange-red dye (II) 
is formed. The introduction of a p-amino group in a second benzene 
ring in (II) gives Doebner’s Violet, which like (II) is of no practical 
value; and the introduction of p-amino groups in both the unsubstituted 
rings of (II) gives Pararosaiiiline. Baeyer and Villiger prepared fuchsone- 
imine, the anhydride of (I), in the din>eric form. Homolka was successful 
in preparing from Pararosaniline (fuchsine), by the action of alkali, 
the brownish-yellow ^‘Homolka’s base*' in the monomolecular form. 
Homolka's compound dissolves in hydroifhloric acid, forming a deep red 
ammonium salt, Pararosaniline. On reduction, the dye is converted into 
a colorless leuco compound, oxidation of which (e.g., by means of lead 
peroxide) gives the carbinol base; this is also formed by isomerization of 
the unstable color base, which is first obtained when Pararosaniline is 
treated with potassium hydroxide. The carbinol base combines readily 
with acids to give Pararosaniline. 


CHART 1 

Reactions of Pararosaniline 



NHa 


Leuco base Carbinol base Unstable color base 

Triphenylmethane (m.p. 92®) can be synthesized by the condensation 
of benzene with carbon tetrachloride to form the aluminum chloride 
complex of triphenylmethyl chloride (trityl chloride; PhiCCl), which is 
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then reduced to the hydrocarbon by means of ether.* Pararosanilinc and 
triphenylmethaue can be interconverted as shown in Chart 1. The posi- 
tion of the amino groups in Pararosanilinc and its homologs has been 
proved in an unambiguous manner. Benzaldehyde condenses with two 
moles of aniline in presence of zinc chloride or sulfuric acid to form 
diaminotriphenylmethane; tetrazotization and hydrolysis give the corre- 
sponding dihydroxy compound. Fusion of this dihydric phenol with 
potassium hydroxide gives the known 4,4'-(lihydroxybenzophenone, so 
that the p-orientation of the two amino groups in diaminotriphenyl- 
methane is clear. The condensation of p-aminobenzaldehyde wdth two 
moles of aniline yields leuco l^irarosaniline, and b}'^ analogy with the 
benzaldehyde condensation, all the three amino groups in leuco Para- 
rosaniline, and thcTcfore in the earhinol base and in Pararosanilinc, are 
para to the methane carbon atom. 

I^ararosaniline and other triphenylmct hane dyes are resonance hybrids, 
in which the major contributing structures carry the cationic charge on 

+ 


Cl- (III) 


one of the nitrogen atoms or the methane carbon atom. They arc there- 
fore best represented as (111), but it is more convenient to write struc- 
tures (cf. Chart 1) in which the positive charge i«? assigned to one of the 
nitrogen atoms.^* * 

Classification and Phoperties 

The triphenylmethaue dyes may be divided into three groups: 
(1) Malachite Green series, which contain two amino groups; (2) Rosani- 
line series which contain three amino groups; and (3) Rosolic acid series 
which contain three hydroxyl groups.^* In all the three series, the 

• Norris, OSCV I, p. 548. Trityl chloride is useful for the characterization of alco- 
hols ns the trityl ethers. 

' See Chapter VIII. 

" For a discussion of the structure and absorption of the triphenylmethane dyes, see 
Ramart-Lucas, Bull. soc. vhim. 12, ’ "7 (1945). 

The preparation of a large miinber of triphenylmcthane dyes has been described 
in (2); {d)BIOS 961; (10) BIOS 1433; (1 1) U.S. Dept, of Commerce Textile Scries 
19; (12) Microfilm PB 19.933. 

Plant employed for the manufacture of triphenyhnethane and other basic dyes is 
described in BIOS 1167. 
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amino or hydroxyl groups are in different benzene rings and are para to 
the methane carbon atom. The typical shades of the triphenylmethane 
dyes are red, violet, blue and green, which are notable for their intensity 
and brilliance. From the point of view of application, the triphenyl- 
methane dyes belong to four classes: (a) basic dyes, applicable to cotton 
on a tannin-mordant, and to wool and silk from a faintly acid bath; 
(b) acid colors for wool and silk; (c) mordant dyes which may be applied 
as chrome colors for wool, and as chrome-printing colors for cotton; and 
(d) lakes of the basic and acid dyes, e.g., with phosphomolybdotungstic 
acid. The basic dyes are usually marketed as zinc chloruh? double salts, 
hydrochlorides or oxalates. The zinc-free dyes are necessary for use as 
bacteriological and histological stains, and are advantageously used for 
certain dyeing and printing processes. The solubility of some basic dyes 
is improved by converting them into hyilrofluorides,'^ sulfamatcs,*^ 
phosphates, or glycerophosphates.*^ Most basic dyes of the triphenyl- 
methane series are beautiful, crystalline compounds with a reflex, the 
color of which is often complementary to the color in solution. The 
aqueous solutions undergo color changes with acids;’ with alkali they 
form colorless carbinols, and with reducing agents the colorless leuco 
compounds. Like other basic dyes, the triphenylmethanes have poor 
fastness to light and alkali; but be(*ause of their clK'apness, high tinctorial 
power and the brilliance of the shades, the^^ are still largely used and are 
specially valued in calico printing. In wool dyeing they are less useful, 
since acid colors are available which are fast('r than the basic dyes and 
otherwise comparable with them. 

The mechanism of fading of triphenylmethane dyes has been examined 
by Iwamoto;^’ in the presence of sunlight and air, Malachite Green and 
Crystal Violet are converted into p-dimethylaminobenzophenone and 
Michler\s ketone respectively. Kxposure of the dyes to sunlight in the 
absence of air merely yields the corresponding leuco compounds, and in 
the fading of these dyes oxidation plays an important role. 

The acid colors of the triphenylmethane series include several impor- 
tant blue and green dyes. The blue and violet chrome-mordant dyes 
are valuable in avooI dyeing and in calico printing. In recent years acid 
and acid-mordant triphenylmethane dyes with improved light fastness 
have become available as a result of the discovery that specific groups 
and ring systems (e.g., /J-alkoxycthyl groups, 7>-anisidino and p-toluidino 
groups, indolyl residues) have a favorable effect on light fastness. The 

Schaefer and General Aniline and Filin, IJSP 2,425,500; 2,435,005. 

Wyler and IGI, BP 495,782. 

IG. BP 396,177. 

Iwanioto, Ball, Chem. Soc. Japan 10, 420 (1935). 
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introduction of a p-alkoxy- or p-alkyl-diphenylamine nucleus also appears 
to exercise a beneficial efTe(‘t on the light fastness of triarylmethane dyes. 
It is, however, necessary to introduce a numl)er of ^V-/3-hydroxyethyl or 
jS-alkoxyethyl groups in order lo give the dye adequate solubility.'® 
Dyes which dye wool and silk in clear blue shades of good fastness to 
light, but in addition have the property of being dis(*hargeable to a pure 
white shade, are obtained when a replaceable atom or group (e.g., Cl, 
OMe, SOsH or NO 2 ) para to the central carbon atom in an acid triaryl- 
methane dye is made to react with an n- or p-phenylenediamine or 
.V-monoacyl derivative.'® .V-Alkyl- or -aryl-o- or p-phenylenedi amines 
also give dyes with similar properties.’® Tlie acid triarylmethane dyes 
obtained from p-chloro- or p-sulfobenzaldchyde can be condensed with 
p-aminophenyl /i-hydroxy- or -ethox^'cthyl ether to give dyes which 
possess very good fastness to light. The resulting dyes contain the 
group CelUMHCelh— O— C 2 TT 40 TI (or OEt). TCi have been particularly 
active in this field, and other examples are quoted later. 

l^y precipitating basic triphenylmethane dyes with complex acids, 
such ac) phosphotungstic, phosphomolybdi(\ and especially phospho- 
molybdotungstic acid, bright pigments (c\g., Fanal colors, IG) with good 
light fastness have been produce<l. These complex acids, silicotungstic 
acid being preferred, can be used for estimation of basic dy(\s by precipi- 
tating them from solution and ignitirg the precipit ates.*- Cuprous ferro- 
cyanides of basic dy(\s can be made fast by an ageing process, in which a 
stable molecular complex is formed. jModified hydrous zirconia precipi- 
tates basic dyes, and the pigments are brilliant and soft in texture.-^ 

M aL\( HITE CuKEN SlUni..- 

Malachite Green (Cl (io7) is made by heating iogether benzaldehyde 
(1 mole), dimethylaniline (2,o 2.7o moles) which must be free from mono- 
methylaniline, and hydrochloric acid or sulfuric acid as condensing agent 
at 100® for 24 hours; the reaction vessel is provided with mechanical agita- 
tion and a reflux condenser. The excess of dimethylaniline is to ensure 
that the whole of the more expensive benzaldehyde is utilized in the 

“ IG, BP 425,041. 

'MCI, BP 430,200. 

IG, BP 449,000. 

** Linch, Stocks and ICl, BP 443,104. 

« Kozlov, J. Applied Chem. U.S.S.R, 9, 568 (103(5). 

»» Michels, BP 407,856. 

Blumenthal, Am, Dyeaiuff Reptr. 37, 285 (1048): Wainer and Mater, USP 2,452,616. 

The addition of urea sliortens the reaction time and increases the yield; \oshino, 
Repts. Tokyo Imp. Ind. Research Inst. Lab. 37, 05 (1042). 
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reaction. The reaction proceeds in two stages the benzhydrol is first 
formed, but it can be isolated only in small quantities, since it condenses 
very readily with a second mole of the amine. Excess of the acid condens- 
ing agent must be avoided, although this is not for the reason, considered 
originally, that excess acid led to the formation of the benzhydrol which 



+ OHC 



Me,N 


C^CHOH^ 



Carbinol 

base 


Dimethylaminobcnzhydrol 



Leuco base 


was incapable of reacting further to form the triphenylmethane. About 
two-third mole of acid gives the optimum results. At the end of the 
reaction, the mixture is made alkaline with caustic soda, and distilled to 
remove excess of dimethylaniline. The residual leuco T5ase is dissolved 
in ice-cold hydrochloric and acetic acids, and oxidized with the theoretical 
quantity of freshly prepared lead peroxide. Lead is then precipitated 
with sodium sulfate, the clear filtrate boiled, and treated with ammonia 
to precipitate the carbinol. Malachite Green is finally isolated as the zinc 
chloride doublt salt, or as the oxalate (Diamond Green). Malachite 
Green as the oxalate is cr 3 ^stallized in wooden vats in which copper rods 
are suspended. Malachite Green is a largely used dye, although the 
bluish green shade on tannin-mordanted cotton has poor light fastness 
and is very sensitive to alkali. The zinc-free compound is used as a 
bacteriological and histological stain. In medicine it has some use as an 
external antiseptic for wounds and ulcers, and subcutaneous injections 
of the solution in normal saline have been used in the treatment of 
trypanosomiasis. The ionization of basic triphenylmethane dyes has 

“Tomoika, /. Soc. Chem. Ind,, Japan 34 , 176B (1931); Davies and Hodgson, J. Soc. 
Dyers Colourists 69 , 196 (1943). 

Michler’s ketone reacts with chlorobenzene in boiling toluene in presence of sodium 
to yield Malachite Green ; Rodd and Linch, BP 272,321 ; 301,193; JCS 2174, 2179 

( 1927 ). 
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been studied recently from the point of view of their biological action.*^ 
The benzaldehyde synthesis of Malachite Green is a general reaction, 
applicable to other aromatic aldehydes and tertiary amines. The analog 
of Malachite Green prepared from diethylaniline is used as the sulfate, 
Brilliant Green or Fast Green (Bindschedlcr and Busch, 1879; Cl 662), 
which is a powerful bactericide useful for external application; for dyeing, 
the oxalate or zinc chloride double salt may be used and is valued for the 
pure green shades it gives on wool and silk and in calico printing. When 
certain o-substiluted benzaldchydes are used in the Malachite Green 
condensation, the dyes have imi)roved fastness and the shades are bluer. 
The n-chlorob(‘nzaldc‘hyde derivative, Setoglauciiie () (Sandmeyer and 
Schmid, 1896) (Gy; C)I 6o8), is a fa.ster and bluer shade of green than 
Malachite Green, and is useful for silk dyeing; Astrazonc Blue G (IG) 



Astrazone Blue C« 
Rliodulinc Blue CG 


Me»N 





:NMe, 

ci- 



COOH 


C'lironic Tunjuoise Blue B 


and Khoduline Blue 6(i (IG) f)ossess the same constitution. Astra- 
zone Blue B (Rhoduline Blue 5B; IG) is the analog from A"-ethyl-o- 
toluidine.28 The Astrazones are water-soluble dyes for cellulose acetate, 
wdiich are specially useful for printing; the shades are bright and have 
good fastness to light. Brill ia Jit Glacier Blue (Ciba) (Cl 664) is made 
from monomethyl-o-toluidine and 2,5-dichlorobenzaIdehyde. T urquoise 
Blue (By; Cl (>61), prepared from 2-nitro-5-methylbcnzaldehyde and 
dimethylaniline, gives an alkali-fast, clear shade of blue, and is used in 
calico printing and the manufacture of lakes. Chrome Turquoise 
Blue B (By) is prepared by the condensation of Michler's hydrol with 
p-toluic acid in presence of sulfuric acid, and subsequent oxidation with 
lead peroxide and hydrochloric acid.'® 

Acid dyes of the scries are obtained by introducing sulfonic groups. 
Direct sulfonation of basic dyes % ntaining only alkylamino groups is 
unsatisfactory, and the usual procedure is to employ dyes containing 
xV-benzyl groups which are convenient carriers of sulfonic groups. In the 

Goldacre and Phillips, JCS 1724 ( 1949 ). 

” BIOS Misc. Report 20. 
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Malachite Green series, the unsubstituted benzene ring is sulfonated 
simultaneously. Light Green SF yellowish (Koehler, 1879) (BASF; 
Cl 670) is prepared by condensing benzaldehyde with benzylethylaniline, 
sulfonating the leuco base, oxidizing and converting into the sodium salt. 
The free trisulfonic acid is marketed as Acid Green Cone. F extra strong 
(IG).^® Light Green SF contains a mobile sulfo group, and when this is 
displaced by the p-phenetidino group it gives a blue of good fastness to 



SOr 


light. When it is heated with e- or p-phenylenediaiffine it gives blue 
dyes said to be useful for silk, being dischargeable to a pure white.-® 
Brilliant Acid Blue B (By) is prepared by the ilisulfonatioii of the basic 
dye from o-chlorobenzaldehyde and benzyl-f>toluidine;*® the correspond- 
ing trisulfonic acid has been stated to be Neptune Green SBX (Kt), 
which is level dj^eiiig, but has low light and milling fastness (2).‘*'^ 

Alternatively, we may employ for the (*ondensation with benzaldehyde 
a benzylethylanilinesulfonic acid; Guinea Green B (Schultz and Streng, 
1883) (AGFA; Cl 660) is prepared in this manner. 



IG, OP. Anm, L 47,362. 
*0 Microfilm FD 2637/46. 
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Patent Blue V (Hermann, 1888) (MLB; Cl 712) is made by condens- 
inj 5 w-hydroxybcnzaldehyde with two moles of diethylaniline, sulfonating 
the leuco base, oxidizing and converting into the calcium salt. In the 
original method (MLB) m-nitrobenzaldehyde was used in the condensa- 
tion, the nitro group in the leueo base being then replaced by hydroxyl, 



Patent Blue V 

SO^Ca/, 



via the amine and diazoniuin salt. 'Pho importance of this series of dyes 
lies in their slightly increased fastness io light, and the much more marked 
improvement in fastness to alkali and level dyeing (character. These 
properties were ascribed to the hydroxyl group niefa to the methane 
carbon atom ; but the signilicant factor was show n later to be theo-siilfonic 
group. By tising benzaldehyde-o-sulfonic acid, or its derivatives, and 
other tertiaiy amines in place of diethylaniline, a nes of dyes with good 
light fastness are o})taincd. Examples are the grei nish blue Erioglaucine 
A (Sandnieyer, 1890) (Cy; (U t>7l) (Patent Blue AE, B; Neptune Blue 
BB, and Xylene Blue VS (S; Cl 072). 1 lie IG dyes, Patent Blue 

AF, y New, Brilliant Indo Blue oG, Cyanol FFG and Cyanol extra 
are prepared from benzaldehyde-2,4-di.snlfonic acid, which is condensed 
with benzylethylanilinc, dicithylaniline, dibenzylaniline, i/-butyl-o-tolui- 
dineand monocthyl-o-toluidine respectively.'® When bis-diethylamino- 
benzhydrol is condensed with rw-xylene-4-sulfonie acid, the leuco com- 
pound sulfonated to a disulfonic acid and oxidized, the product is Guinea 
Fast Green B (IG).'*- The condensing agent for these aldohydc-amine 
condensations is sulfuric acid as mom hydrate, and the leuco compound is 
oxidized to the dye by means of .sodium dichromatc. Patent Blue VF 
and VF Special (IG) are made* from V New, the first being the sodium salt 
appearing red in the crystalline state, and the second the free acid which 
appears green.'® 
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Useful green acid dyes of the Malachite Green series are obtained by 
replacing the benzene ring not carrying an alkylamino group by a 
naphthalene residue. Dyes of this type are prepared by condensing a 
bis-dialkylaminobenzhydrol (I) with a naphthalene- or naphthol-sulfonic 


+ 



(I) I. lUSO. 

2 NaaCrsO: 



acid. Examples are Naphthalene Green V (Hermann, 1899) (MLR; 
Cl 73o) and Wool Green S (1L\SF; Cl 737) made by condensing the 
appropriate benzhydrol with naphthalene-2, 7-disiilfonic acid and 
i3-naphthol-3,G- or 0,8-disulfonic acid respectively in presence of sulfuric 
acid, and then oxidizing w’ith dichromate. For Wool Green S /J-naphthol 
may be used, together with oleum as condensing agent, when sulfonation 
also takes place. The benzhydrol is prepared by oxidation of the tetra- 
alkyldiaminodiphenylmothane with manganese dioxide and sulfuric acid, 
and it is used without isolation for the condensation with the naphthol or 
naphthalene sulfonic acid. Finely divided manganese dioxide for such 
oxidations is freshly prepared from manganese sulfate, a by-product from 
the manufacture of ben^aldehyde disulfonic acid, and potassium per- 
manganate in sodium carV)onate solution. 

See also British Dyestuffs, DRP 485,663. 
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Magenta Series 

When Magenta (Cl 677) was first prepared by oxidation of crude 
aniline with stannic chloride, the yield was only 15%. By using nitro- 
benzene in presence of iron or iron salts as oxidizing agent, the yield is 
increased to about 50%. Pure aniline does not give a Magenta type of 
dye, which is only obtained by the addition of p-toliiidinc^ o-toluidine can 
replace aniline, but not p-toluidine. These empirical facts regarding the 
formation of Magenta were known at an early stage and the reason 
became obvious when the triphcnylmethane structure of the dyes was 
recognized, since p-toluidinc is necessary for supplying the methane 
carbon atom. Magenta is now manufactured by oxidizing a mixture of 
aniline, o- and p-toluidine with nitrobenzene or nitrotoluene, or a mixture 
of the two, in the presence of aiihydrous zinc chloride, ferrous chloride and 
ferric oxide. The temperature is raised gradually from 60° to 140°, when 
a vigorous exothermic reaction sets in. lleatmg is then stopped, and 
the reaction kettle spray-cooled, so that the temperature is not allowed 
to rist >Knvc 170° at the rate of 2° per hour. The total time of the melt 
is about 24 hours. The cold melt is powdered, washed with acidulated 
water to remove unreactod amines, the residue dissolved in acid, and the 
dye base precipitated with milk of lime. It is then ledissolved in hydro- 
chloric; acid and crystallized; the product is a mixture of Kosanilinc and 
Pararosaniline, the former being the major constituent.'* The composi- 
tion of the dye and the shade depend on the relative proportions of the 
thrc'c amines; for Crystal Fuchsine a mixture of 38% of aniline, 35 of 
o-toluidine and 27 of p-toluidine is employed. For conversion into the 



phenylated rosanilines, other proportions are used according to the 
required tone of the blue dyes. TTomogencous dye< of the Magenta 
scries can be prepared by modified methods. Thus, for New Magenta 
(Ilomolka, 1889) (MLB; Cl 678), a cheaper and more soluble dye than 
Magenta, the indicated process gives a better yield than the older method 
for Magenta. The various Magentas are red dyes; they are more valu- 
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able the yellowtM* the tone, aiul are fnMiuenlly shaded with a yellow dyt' 
such as Aununiiie. 

iV-Alkyl Rosanilines (I). While the introduction of T-methyl groups 
in Pararosauiline makes the shades slightly bluer, :V-methylation changes 
the shade to violet, the dyes becoming increasingly violent until there is a 
maximum of six methyl groups. With seven methyl grouj)s th(‘ shade 
changes to green, and to yellow with eight. ^ A"-Alkylated dyt*s of th(‘ 
triarylmethane series are prepared by three* g(*neral methods, of which 
the first is most widely used. (I) Michler^s k(‘tone or its ethyl analog 
(^Vthyl ketone is condensed with a s(*condary or t(*rliary aromatic 
amine unsubstituted in the p-position, or with other components such 
as an indole, having a reactive position for attachment of the* methane 
carbon atom. The condensing agcTit is phosphorus oxychloride, which 



has to be used in the proportion of one mole to one mole each of the 
ketone and the amine sinwi the reaction probaVjly proceeds through the 
ketone dichloride (a,a-dichloromethane). (2) In the benzhydrol or 
carbinol process, Michler's Ijydrol or an analogous compound (II) is con- 
densed with an aromatic amine in presence of sulfuric acid. (3) In the 
aldehyde process, which is similar to the method for making Malachite 
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(II) R»N a CHOH O NR» + PhNR‘R\ 


Leuco Base' 


HCI 




•(I) 


CHO + SPhNR, 


(Jreen, a p-aminol)enzal(leIiyde is condensed with two moles of an 
aromatic amine to form the leuco base. While iV-alkylrosaniliiies are 
thus prepared by starting with A'-alkylanilincs and carrying out the 
triphenylmethane condensation in various ways, direct alkylation of 
rosaniline has been suggested in special cases. Vinyl methyl ketone acts 
as an alkylating agent, giving 7-ketobutyl derivatives, and Pararosaniline 
for instance treated with this reagent becomes reddish blue.^'^ Dyes of 
the Crystal Vioh^t and Malachite Grc^en types have been prepared by 
condensing p-bromodimethylaniline (or other p-balogenated tertiary 
amine) with an ester or ketone (e.g., diethyl carbonate, ethyl benzoate, 
anthraquinone) in presence of sodium.^’ 

Methyl \’i()let (Cl 680 ) is made by a specific method, consisting in 
the oxidation of dimethylaniline by air with copper sulfate as catalyst; 
phenol and a large amount of salt are used as diluents. The methane 
carbon atom is j)rovided by oxidation of a methyl group in a molecule of 
dim(‘thylaniline to formaldehyde. The main constituent of the dye ulti- 
mately obtained is pentamothylpararosaniline. Methyl Violet is made 


PhA\Mea 


•PIiNHMe -f IICIIO 


SPhN.Mr, 


Me,: '■O CH, N Me, 
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1 PhXlIMe 

2 101 
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I Me,N o CHOH O NMe, 


XIIMe 
MethvI Violot 


on a very large scale; the annual production is estimated at three million 
pounds. In addition to its application in dyeing and printing, it finds 
extensive use in the manufacture of inks, copying pencils, typewriter 

” IG, BP 493,154. 

Morton and Stevens, USP 2,029,830. 
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ribbons and other colored materials. Methyl Violet is useful as a bluing 
agent for bleached wool, a minute percentage being adequate for cor- 
recting the yellow tone. 

Crystal Violet (Cl 081), which is a homogeneous hexamethylpara- 
rosaniline made by the phosgene process, is also largely used; its annual 
production is about a third of that of Methyl Violet. The preparation 


Me, CO -o NMe, 


PhNMcj. 
1 OCI, 



NMe, 


ci- 



NMe, 


coci. 


2PhNMc2 



("ry still Violet 


Hrilluuit Uhofliilinc* Hliu‘ 1< 


of leuco Crystal Violet from dimethylaniline and carbon monoxide at 
high pressure in presence, of ferric and aluminum chloride has been 
reported.** The ethyl analog of Crystal Violet is Ethyb Violet (BASF; 
CT 682). Crystal Violet JOB (IG) is the condensation product of 
Michler's ketone and dimMhyl-wi-toluidine.- Brilliant Khoduline Blue U 
(IG) is prepared by condensing Michler^s hydrol with m-acetamidodi- 
ethylaniline in presence of sulfuric acid, and oxidizing the leuco base with 
lead peroxide, acetic acid and hydrochloric acid.^" 

When Methyl Violet is heated with methanol and hydrochloric acid 
under pressure, the product is Methyl Green (Monnet and Reverdin, 
1874) (Cl 684), which is a ba.sic dye with somewhat better fastness to 
light than Malachite Green; but the latter dye has nevertheless displaced 
Methyl Green entirely. Methyl Green has som(‘ use as a stain in bac- 
teriological and histological work. 

By the interaction of primary amines with vinyl methyl ketone, 
A-butanonyl group - are introduced (IINH 2 + CH2““CH-“C0CH3 
RNHCH 2 CH 2 COCI 13 ). IG have studied this reaction oti basic dyes, 
and it is reported that bright ne.ss, solubility and affinity (fiber not men- 
tioned) are thus improved. An example is Fuchsine Violet V 651, the 
mono-V-butanonyl derivative of Pararosanilino.** The introduction of 
•♦Liston and Dehn, Ind, Eng. 
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liydroxy or alkoxy substituents in the alkyl groups and the replacement 
of an alkyl by an aryl group are modes of improving the fastness proper- 
ties; a 7}-anisidino- or p-toluidino group gives dyes of better light fastness. 
Astracyanine H (IG) is made by condensing p-chlorobenzaldehyde with 
bis-j6-hyclroxyethyl-m-toluidine in a sliglitly acid (sulfuric acid) medium 
at 100°; making alkaline with ammonia and separating the resinous leuco 
base; oxidizing with dichromate, hydrochloric acid and oxalic acid; heat- 
ing the color base with p-phenetidine, dissolving the dye in acidified 
water and salting out.^^ 

A series of valuable blue dyes are obtained by replacing one of the 
alkylaniline residues in A-alkyl Rosanilines by an A"-alkyl- or phenyl- 
naphthylamine. An example is the important dye, Victoria Blue B 
(Caro and Kern, 1883) (BASK; Cl 729), made by condensing Alichler's 
hydrol with phenyl-a-naphthylamine, and then oxidizing; or preferably 
by condensing Michler’s ketone with phenyl-a-naphthylamine in presence 
of phosphorus oxychlorid(\ The latter method represents an important 
general procedure for the preparation of such triphenylmethane dyes. 
It is not necessary to isolate Michler’s ketone; two moles of dimethyl- 
aniline or diethylaniline (actually employed in about 35% excess, which 


+ 



Victoria Blue B 

PhHN 



is recovered later) are condensed with phosgene in presence of zinc 
chloride to form the ketone, a solvent (e.g., toluene) is added, and the 
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second stage of the reaction is then carried out by adding a mole of the 
appropriate amine and phosphorus oxychloride. The first or phosgene 
stage is a slow reaction, carried out over several days with a stepwise 
increase of temperature. The second stage proceeds rapidly and is com- 
pleted by a few minutes heating at 100° after the phosphorus oxychloride 
has been run in. After partial neutralization with caustic soda, toluene 
is recovered ; the dye separates as a tar from which impurities are removed 
by digestion with xylene, and further purification is effected by dissolving 
in hydrochloric acid and salting out. The dye again separates as a 
moist tar, which is dried down and powdered.- 

Victoria Blue R (By; Cl 728) is the analog from ethyl-a-naphthyl- 
amine, and 4R (BASF; Cl 690) from phenyl-methyl-a-naphthylamine. 
Victoria Pure Blue BO (IG) is from ‘‘ethyl ketone and ethyl-a-naphthyl- 
amine.^ The Victoria Blinds are largely used in calico printing and in 
wool and silk dyeing fur the* la auty of the sky blue to royal blue shades, 
although the light fastness is poor. On wool the fastness to milling and 
stoving is good. 

IG claim that blue-black to green-black dyes arc* obtained when 
aromatic polyaldehydes, c.g., terephthalaldehyde, or substances which 
react like aromatic dialdehydes (e.g., w, w', w'-tetrachloro-p-xylene) are 
condensed with secondary or tertiary aromatic amines and the l^uco 
compounds oxidized in the presence of mineral acids.®® Such deep shades 
have not so far been obtained with basic dyes of the triphenylmethane 
class; on the other hand it has been stated that by condensing tereph- 
thaloyl chloride with dimethyl- or diethylaniline bistriphenylmethane 



dyes (III) are produced which are somewhat yellower in shade than 
Malachite Green. 

Phenylated Ro.‘anilines, mentioned later, have no technical interest 
as basic dyes, but their sulfonic acids arc valuable acid colors. An 
interesting reaction in this connection is the condensation of Pararosani- 
line with l-chloro-2,4-dinitrobenzenc to give 4,4'-diamino-2",4"-dinitro- 

•• BP 432,204. 

Bogert and Niason, Proc, Natl, Acad, Sci, 10, 421 (1924). 
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phenylfuchsonimide.®* When the nitro groups are reduced, the products 
dye wool, silk or tannin-mordanted cotton in fast violet shades. 


Acid Dyes of the Magenta Series 

Acid dyes can be obtained from Magenta by treatment with fuming 
sulfuric acid until the product is soluble in water; this gives a mixture of 
ili- and trisulfonic acids; since Magonia is usuall}^ a mixture of homologs, 
so is Acid Magenta. Ifowever, the important const ituent is trisulfonated 
Pararosaniline. 




Sulfonic acids of phenylated Rosanilines, which arc old dyes (Nichol- 
son Blue, Soluble Blue, Water Blue, Alkali Blue; Cl 703-707), continue 
to be extensively used. Phenylated Rosanilines are obtained by heating 
salts of Rosaniline with aniline; the monophenyl compound is reddish 
violet, the dii)henyl bluish violet, and the triphenyl blue. Aniline Blue 
or Spirit Blue (Cl 689), obtained by heating Magenta with aniline in 



bOi* 

presence of a little benzoic acid, is mainly a diphenyl derivative; the 
o-toluidine residue docs not undergo iV-phenylation. Thus Now Magenta 
cannot be phenylated by this method, while Pararosaniline can be 
triphenylated without difficulty. The redness or blueness of the shades 
of these phenylated Rosanilines is controlled by the degree of phenylation, 
** Poral-Koschitz and Manderschtam, /. Gen. Chem. ILS.S.R. 4 , 842 (1934). 
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and by using o-toluidine, which gives redder shades^ in place of aniline. 
They are alcohol-soluble, and were used at one time for coloring spirit 
varnishes, but they arc now made merely as intermediates for the acid 
dyes produced by sulfonation. They become readily soluble by sulfona- 
tion to mono-, di- and trisulfonic acids. The sulfonic groups apparently 
enter the new benzene rings introduced by phenylation, since the Uosani- 
lincs themselves are difficult to sulfonate. By warming Aniline Blue 
with concentrated sulfuric acid until the product is soluble in sodium 
carbonate solution, a monosulfonic acid, Alkali Blue (Cl 704), is obtained. 
It dyes wool fnm an alkaline bath; the colorless carbinol is absorbed, 
and the color is developed b}" subsequent acid treatment. When the 
sulfonation of Aniline Blue is continued till the product is water-soluble, 
the trisulfonic acid is formed; this is Soluble Blue (Cl 705), used in dyeing 
wool, and in blueing paper and bleached cotton materials. Soluble Sky 
Blue (Sandmeyer, 1892) (Gy; Cl 70G) is a homogeneous trisulfonic acid 
of triphenyl Pararosaniline, prepared by the condensation of diphenyl- 
amine-4-sulfonic acid with the required benzhydroi disulfonic acid. The 
Ink Blues'^ are also sulfonic acids of pheuylateil Kosaniliiies; the .sulfona- 
tion products are given a lime treatment, the soluble calcium salts are 
decomposed with sulfuric acid and the free sulfonic acids are ground up 
with sodium sulfate. Reflex Blue AG (IG) is prepared by heating 
Pararosaniline (400 parts), aniline (2400) and benzoic acid (8.5) for oiu* 
hour at 180-182°. Excc.ss aniline is distilled off in vacuoy^and the re.sidue 
sulfonated by treatment with five time.s its weight of concentrated sul- 
furic acid at 25° until tho product is soluble in hot 3% ammonia.- Other 
brands of Reflex Blue such as AGO, B, 2G, 8G, K, 8K, RB and 'J'BK (IG) 
are prepared by varying the proportion of aniline or the conditions of 
sulfonation, and by using o-toluidine or ?/i-toluidine in place of aniline. 
Reflex Blue AGG and Reflex Violet A are used for printer\s ink. 

A route to phenylated Rosaniline.s is to heat a diaminotriphetiyl- 
methanc containing a p-chlorine atom in the third benzene ring with an 
arylamine (e.g., p-phenctidine) ; when the diaminotriphenylmethanes are 
prepared from m-2-xylidine, the acid dyes ultimately produced by 
sulfonation of the N-phenylrosaniline derivatives dye clear shades with 
good light fastness.®® 

The sulfonation of Methyl Violet or Crystal Violet to form Acid 
Violets does not proceed satisfactorily, and the device of introducing 
benzyl groups is usually adopted. The sulfonic group may be present 
in the benzylated intermediate, or a benzylrosaniline may be subse- 
quently sulfonated. The obvious advantage of the first method is that 
the number and position of the sulfonic groups are definite and pre- 
»* IG, BP 520,968. 
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determined, and it is employed for the preparation of Fast Acid Violet lOB 
(Hassenkamp, 1891) (By; Cl 099) and a series of similar and largely 
used dyes. Acid Violet BW (IG) is made from Michler\s hydrol and 
benzylaniline disulfonic acid, prepared V>y sulfonating A'-benzylorthanilic 
acid.^*' Acid Violet OB (Sandme 3 'cr, 1890) (Gy; Cl 098) (Formyl Violet 



CHOU 
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J ('oiulonMp 
2 Oxidize 



SOaNa 



SO,Na 


S4B, C') illustrates a variation of the procedure in which the benzhydrol 
contains the rcajuisite sulfobenzyl groups. Brilliant Wool Blue FFR 
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Acid Violet 6B 
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(By, 1900) is made by condensing p-diethylaminobcnzaldehydc with two 
moles of Ar-ethyl-A^-p-siilfobenzyl-?n-toluidine. Wool Blue 5B (IG) is a 



OKt 

similar dye prepared from 2-chloro-4-diethylaminobenzaldehy(le and two 
moles of A''-ethyI-A^-p-sulfobcnzylaniline.^° These dyes have very poor 
light fastness. 

Recent IG introductions of this type are Brilliant Indocyatnne OB 
(1927) and G (1928) (ST Krg I 775a); the latter dye is faster to alkali. 
The replacement of sulfobenzyl groups by sulfoethyl groups in Brilliant 
Indocyanine 6B gives the dye Brilliant Wool Blue FFRL extra. Acid 
Brilliant Blue R extra is another dye in wliich the suj^onie groups are 
attached to aliphatic carbon atoms, It is prepared by condensing 



NH 



OEt 

Hrilliant Wool Hluc FKKL extra 

p-diethylaminobenzaldehyde with two moles of ethyl-m-tolyltaurine, and 
oxidizing the leuco compound with dichromate, oxalic acid and sulfuric 

Fierz-David, Kiinstliche Organisebe Farbstoffe, ErgS,azungHband, Springer, Berlin, 
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acid. Another method of introducing sulfonic groups in the side-chain 
is to use intermediates such as /3-sulfo-a-phenylethyl-o-toluidine, pre- 
pared by adding chlorosulfonic acid to styrene and condensing the product 
with o-toluidine. The usual reactions with p-diethylaminobenzaldehyde 
then yield the dye (I), which is very similar to the old Formyl Violet type 



NH-CHCHjSO,Na 


Ph 

except for the position of the sulfonic groups.^^ Other intermediates 
which may be used for this type of dye arc e-sulfomethylphenyltaurine, 
e-xylene-io,a)'-disulfonic acid, and /i^-sulfoethylbenzene.^- Another method 
of introducing sulfoalkyl groups into a triphenylmethane dye is to treat 
a dye already containing at least one sulfatoalkylamino group with 
sodium sulfite at about 150*^ under pressure, the N— C2II4— O— SO3H 
group being converted into N-~C2n4”H03lL Instead of employing the 
dyestuff as the starting material, an intermediate, e.g., a leuco compound, 
containing a sulfatoalkylamino gro!ip may be used for this reaction and 
the product afterwards converted into the dyestuff.^® As a result of 
activity in the detergent field, glycerol derivatives (e.g., Ph— NBu— CH2*-" 
CHOU- CH2S03H) and numerous other intermediates of similar type 
have been suggested. The same devices can also be adopted for 
afterchrome dyes derived from fuchsone which are described later.**® 

The old and still highly valued diphenylamine derivative, Acid Violet 
fiHN (Muller, 1891) (BASF; CT 717) doi^s not contain benzyl groups, and 
it is made by sulfonating the condensation product of Michler*s ketone 
and 3-ethoxy-4'-melhyldiphenylamine.“ Alkali Violet GB (BASF; Cl 

BP 460,443. ^ 

« IG, BP 447,067. 

« IG, BP 420,307. 

** IG, OP Ann). I. 46,1 10. 

IG, BP 472,407. 
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MeiN a CO o NMe, 
EtO + 

o NH O Me 



Acid Violet 6BN 



Me 


700) is another diphonylamino derivative, prepared similarly by eon- 
densing “ethyl ketone’’ with ,V-methyldiphenylamine and then sulfo- 
nating. The position of the sulfonie groups in these dyes is uneertain. 
Alkali Violet 4BN and 311 contain benzyl groups, but they are prepared 
by ultimate sulfonation; for the 3U l)rand the intermediates are Michler's 
keloive and A"-benzyl-o-toluidine, and aftc*r the jisual phosphorus oxy- 
chloride condensation th»> pro<luct is sulfonated with 30^; oleiim.'-’ 



Brilliaut Wool Blue G extra (IG) an<l Wool IMue N extra (IG) are 
both prepared by sulfonation of the basic dye obtained by the condensa- 
tion of Michler’s ketone with p-ethoxyphenyl-a-naphtliylamine; the 
p-tolyl-a-naphthylaminc analog is Wool Blue R extra (I G). Wool Blue G 
extra (IG) is prepared by sulfonation of the basic dya obtained by con- 
densing Michler’s keloiKj with l,2'-dinaphthylamine.®’ '® Cyanol Silk 
Blue B (IG) is prepared by the manganese dioxide-sulfuric acid oxidation 
of a mixture of 4,4'-bis-diethylaminodiphenylmethane and 1-naphthyl- 
amine-2,4,7-trisulfonic acid. ' ‘ 
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Indole derivatives. Wool Fast Blue FBL (IG) is an interesting 
triaryl methane dye in which one of the aryl residues is 1-methyl-i- 
phenylindole, prepared from monomethylaniline and w-chloroacetophe- 
none. The preparation of the dye involves a method not usually adopted 
for the triphenylmcthane dyes. Instead of the required iV-substituted 
diaminobenzophenone or -benzhydrol, dichlorobenzophenone dichloride 
is used for the condensation with the indole and the chlorine atoms arc 
subsequently replaced by arylamino groups. Wool Fast Blue FGL (IG) 



NHMc 
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Wool Fast Blue FBL 


is a similar dye from l-j.sohutyl-2-(p-ehlon))pliPuyl-4.0-dimethylindolc, 
which is diflicult to pn'pare; production of the dye was therefore aban- 
doned.*' ' ' By using suitable arylamines for replacing the chlorine atoms 
in this synthesis, green and violet dyes can be produced.*® Brilliant 
llliodulinc Violet II (.1(1) is stated to be the condensation product of 
Auramine G with a melhylindole.* These indole derivatives have good 
light fastne.ss. .Another method of synthesis starts with a substituted 

“ Groves and IG, BP 490,580; 190,657. 
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benzoic acid or indoIe-3-carboxylic aoid.^^ Thus 4-ethoxy- JV-methyl- 
diphcnylamine-4'-carboxylic acid is condensed with 2 moles of a suitable 
indole, or with 1 mole each of two different indoles; the products when 
sulfonated yield blue acid dyes of high light fastness; an example is Wool 
Fast Blue 1736 (IG) for which two moles of 1,2-dimethylindole are 
used .*’ " As well as the usual indoles, AT-ethylcarbazoIe and A^-cyano- 
ethylcarbazole may be used. By starting with 2-phenyl-.V-mcthylindole- 
3-carboxylic acid, triindolylmethane dyes are obtained. Other examples 
of indolyl derivatives and methods for their preparation are described 
in^IG patents/** 

Rosolic Acid (Ft-ciisoNK) Skkik.s 

Rosolic Acid or Aurine (Cl 724), one of the oldest synthetic dye.s, was 
made by the oxidation of crude phenol. It was therefore the phenolic 
counterpart of Magenta, and consisted essentially of a mixture of two 
homologs, of which the main constituent was the o-cresol derivative 


HCOOH 

t 


COOH 

I 

COOH 


SPhOR 




Aurine IR = H) 


(1; R = Me). The methane carbon atom for the triphenylmcthane dye 
is provided by the p-cresol present in the crude phenol. A homogeneous 
product, sometimes called Aurine or Corallin to distinguish it from 
Rosolic Acid, the higher homolog, was made later by heating a mixture 
of phenol, oxalic acid and concentrated sulfuric acid. Rosolic Acid and 
Aurine are red spirit-soluble dyes which were used at one time for coloring 
lacquers and varnishes, and the Turkey Red colored lakes were used for 
printing wall paper; but they are toxic compounds and have been super- 
seded by better dyes. Their only interest now is as indicators in alka- 
limetry.^® The technically important dyes of the series are salicylic acid 
derivatives. Chrome Violet (Sandmeyer, 1889) (Gy; Cl 727) is made 
by heating salicylic acid and formaldehyde in presence of concentrated 
sulfuric acid and a little sodium nitrite as oxidizing agent; it is a valuable 
" IG, BP 506,679. 

*• IG, BP 417,014; 428,468; 438,426; 438,437; 439,816; 451,937. 

^•The preparation and transformations of hydroxyfuchsone (benzaurin) and of 
hydroxymethoxyfuchsones have been recently investigated by Ioffe, /. Gen. 
Chem. U.S.SM. 17, 1359; 1688 (1947); 20, 158 (1950), 
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chrome-mordant dye for calico printing, although the reddish violet 
shades are not fast to light. Chrome^Garnet B (Alioth and Bodmer, 


Me 



(’hnwiM* Violet Eriochrome Azurol B 

1921) (DH; ST 817;, which has two salicylamide in place of salicylic acid 
residues, has better fastness properties. Analogous dyes, containing only 
two sali(^ylic acid residues and [)repared by condensing two moles of a 
salicylic acid derivative with one of a bcnzaldehyde derivative, arc useful 
chrome-mordant dy(*s for wool. Thus Eriochrome Azurol B (Conzetti, 
J9(Mi; tiiy; CT 720), prepared by the oxidation of the condensation 
l)roduct of 2,()-dichIorol)eiizaldehydc and o-cresotinic acid, dyes wool a 
bordeaux shade converted into pure blue by aftcrchroming. Eriochrome 
C-yaninc H (Gy; Cl 722), prepared similarly from o-cresotinic acid and 
l)enzaIdehyde-(;-sulfonic acid, gives violet-blue shades on chroming. The 
chromium complex, prepared by heating Krio(‘hrome Azurol B with the 
chromium ammonium salt of salicylic acid, dyes blue both on animal and 
cellulose fibers.^** 

Several of the Chromoxane dyes (IG), which are acid-mordant colors 
developed by aftcrchroming, belong to this group.'® -* Chromoxane 
Jh'illiant Violet HIO is prepared by condensing p-diethylaminobenzalde- 
hyde with two moles of o-cresotinic acid in presence of sulfuric acid and 
oxidizing the leuco compound by nitrous acid. For the preparation of 
Cdiromoxanc Blue K, o-cresotinic acid is first condensed with formalde- 
hyde to form the iliphenylinethane derivative, oxidized to the hydrol, 



Me 



COONa 


Chromoxane Brilliant Violet RE 
Geigy, BP 560,787. 


Chromoxane Blue R 




732 


DIPHENYLMKTHANK8 AND TRIPHBNYLMBTHANB8 


condensed with R-salt, and the leuco compound oxidized to the dye; 
sulfuric acid is used for the two condensations and the two oxidations 
are effected by the addition of sodium nitrite; the series of reactions are 
carried out successively without isolation of the intermediate products. 
Carrying out the same series of reactions, but using l-phenyl-3-methyl-5- 
pj'^razolone in place of H-salt, the product is Chromoxane Brown 

In Chromoxane Brilliant A'iolet oR, Chromoxane Brilliant Violet BR 
and Metachrome ^'iolet 2R, there is only one cresotinic acid residue.*® 
The first is prepared by condensing o-aldehydocresotinic acid with 
o-tolyltaurine: the dyc^stiitT is marketed and applied to the liber as the 


Me Me 

NaO,SUH,CH,HN|^^^^^^^ jP^NHCH.CH.SO.Na 


(’hronioxane Brilliant Violet 5R 


iMe’s^COONa 
If 
0 



leuco ))ase and developed hy chroming. (’hrom«)xane Brilliant Violet Bll 
has been stated to be specially useful for dyeing blankets and bathing 
costumes because of its good fa.stne.ss to storing and to sea water. Meta- 
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chrome Violet 211,*® which is also used as the leuco base, is prepared by 
the interaction of dimcthylariiline, p-nitrosodimcthylaniline hydro- 
chloride and formaldehyde, the product then being condensed with 
o-cresotinic acid in presence of sulfuric acid. The light fastness of these 
dyes is 3 -4 and the milling fastness is 4. 

When salicylic acid residues are used in place of cresotinic acid in dyes 
of this series, the change in shade on chroming is much less.^* By con- 
densing 4'-chloro-3-hydroxy-4-carboxybenz()phenone with an a-arylindole, 
and replacing the chlorine atom by a primary or secondary arylamine, 
dyes giving green shades on chroming are obtained.*- A method of 
synthesizing afterchrome dyes starts with the new intermediate 4-hydroxy- 
5-carboxybenzaldehy(le-2-sulfonic acid, which is condensed with two 
moles of a secondary or tertiary aromatic amine; the resulting triaryl- 
methanes are oxidized to dyes, which give green shades on wool or silk, 
turned bluer by aftercliroming.** Dyes have been prepared from 
p-chlorobenzaldehyde and two moles of m-cresotinic acid; the halogen is 
rep^Hu ! bv an arylamine residue, and the products dye wool, after- 
chromed, in vivid blue shades,** The use of hydroxynaphthoic acid 
derivatives (e.g,, 7-siilfo-l-hydroxy-2-naphthoic acid) has been sug- 
gested.** A mordant dye not containing an o-hydroxycarboxylic acid 
group is prepared by condensing protocatechuic aldehyde with two moles 
of j3-sulfoethyl-o-l()luidine; the dye may be used as the chromium com- 
plex.** Tri aryl methane dyes derived from 8-hydro\y(piinoline have been 
claimed; for example, the leuco compound obtained ])y condensing two 
moles of 8-h3"droxyquinoline with one of 4-dimethylamino-2-sulfobenz- 
aldehyde gives, after chroming, a green dye of good washing and fulling 
fastness on w'ool.** A method for improving solubility in water of 
chromium compounds of triarylmethaiie dyes is treatment with a strong 
acid in an organic solvcnit.*^ Violet-blue trial ylmethaue dyes, useful for 
the preparation of lake pigments, are obtained by the oxidation of a 
mixture of o-phenyl-A^,A’'-dimethylainline (o-dimethylaminodiphenyl) and 
phenol.*’® Derivatives of fuchsone containing hydroxy and alkoxy 
groups (e.g., compounds obtained by condensing vanillin with 2 moles of 

IG, HP 514,450. 

” IG, BP 514,531. 

IG, BP 505,560. 

« IG, BP 497,030. 

IG, BP 471,686. 

OP Anm. I. 50,423. 

« Geigy, BP 497,514. 

General Printing Ink Corp., HP 61 4,391. 
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guaiacol and oxidizing) have chemotherapeutic properties; some are said 
to be effective against certain forms of tuberculosis.** 

Phthalbins 

The indicator Phenolphthalein (BASF, 1871; Cl 764), prepared by 
heating phenol with phthalic anhydride in presence of sulfuric; acid or 
zinc chloride, is a triphenylmethane derivative. It is also structurally 
related to Fluorescein and other phthaleins; a by-product in the phenol - 
phthalcin melt is fluorane, the parent substance of the Fluoresceins and 
Rhodamines (see Chapter XXIV). Baeyer demonstrated the constitu- 
tion of phenolphthalein and its relation to triphenylmethane by synthesiz- 
ing both triphenjdmethane and phenolphthalein from phthalic anhydride, 
via as-phthalyl chloride and phthalophenone.** The j>-posit ion.s of the 



two hydroxyl groups were proved by conversion into p,p'-dihydroxy- 
benzophenone. When alkali is added to the colorless alcoholic solution 
of phetiolphthalein, an intense red color appears at pll 8.4, and the color 
is destroyed when excess of alkali is added, as well as by the addition of 
a large excess of alcohol. The resonance of the ion of the disodium salt 
and the absence of this optically important resonance in the nonionizing 

“ Chinoin Gy6Ky8*er C's Vegy^azeti Termi'kek Gyara Il.T., UP 485,228; 486,266; 
502,216. 

•• Baeyer, Ann. 202, 36 (1880). 



PHTHALEINS 


735 


Phenolphthalein (colorless lactone) 


NaOlI 


Warm 




C’olorless disodiuni salt 



N'etitiahir with 
firetic ari«i at 0* 



alcoholic solution of the (lisodium salt and in the ions of the trisodium 
and monosodium salts explain the indicated decolorizations.®® 

Phenolphthalein is a mild tasteless purgative, which is widely used 
as an ingredient in laxative prei)arations. A 3'^ellow variety of phenol- 
phthalein, prepared by the zinc chloride method at a slightly higher 
temperature with formation of tar, has better laxative action; the reason 
is unknown, but it has been sliown that yellow phenolphthalein does not 
contain a- or /i-hydroxyanthraquinone, both of which incidentally are 
much less potent laxatives than phenolphthalein.®^ 'Fho cathartic action 

The polarographic behavior of pheiiolphthaloin has been studied by Kolthoff and 
Lchmicke, JACS 70, 1879 (1918), 

®*Hubachor, USP 1,940,495; 2,192,485; llubnohor and Doenberg, J. Am, Pharm. 
Assoc, 87, 261 (1948). 
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has been ascribed to the HO 




OH skeleton, and other com- 


pounds of the type (e.g., Isacon, the diaeetate of the condensation product 
of phenol and isatin) have been prepared.*’ The disodium salts of 
tetraiodophenolphthalein and of phenoltetraiodophthalein are used for 
X-ray examination of the gall bladder; disodium phenoltetrabromo- 
phthalein disulfonate is used for testing if the liver is functioning normally. 



Besides phenolphthalein, cresolphthalein (from o-crosol), thymol- 
phthalein and their analogs have been used as indicators. Thymol- 
phthalein changes from colorless to blue at pll 9.3 lO.o. Tlie sulfon- 
phthalcins, prepared by condensing phenols with o-s\ilfobenzoic anhydride 
in presence of zinc chloride, are useful iinlicators for a wide range of pll.** 
In Table I, a series of sulfonphthaleins are listed, together with the pH at 
which change of color occurs.®'^ 

The rate of excretion of Phenol Red has been us(‘d for determining 
if the kidney is functioning normally. 


Lakpjs of Basic and Acid Dyes of the Tkiphenylmethane, 
Xanthenk and Similar Series 

Basic and acid triarylmethaiie dyes have been used in lake making 
for their brightness, but the tannin-antimony lakes of the basic dyes on 
alumina and the barium lakes of the acid dyes have poor light fastness. 
The important dis(;overy was made by BASF in 1913 thfit the phospho- 
tungstic and phosphomolybdic acid lakes have good light fa^^tness, while 

•* Pyman ei al, Quart. J. Pharm. Pharmacol. 7, 509 (1934); Ilubacher, JACS 64 , 2538 
(1942). 

Clarke and Lubs, J A CS 40 , 1443 (1918). A quautiiativo examination of the stabil- 
ity of the sulfonphthaleins to alkali has been made by Sager, Maryott and 
Schooley, JACS 70 , 732 (1948). 
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TABLE 1 

SlM.FON PHTHALKl N'S 



pH 

Color 

Indicator 

nlf on phthale i n 

range 

change 

ni-Cro.sol Purple 

//i-('rosol 

0 f) 2.5 

Hod- Yellow 



7 (Ml. 2 

Yellow-Purple 

Thymol Blue 

Thymol 

1.2 2.8 

Bed- Yellow 



8.0-9 6 

Yollow-Blue 

Xylcnol Blue 

p-Xylonol 

1 2-2.8 

I tod- Yellow 



8 0-9 0 

Yellow^-Bluc 

Bromo])lienol Blue 

T<‘t rabroinophonol 

:L0-4.(> 

Yellow-Blue 

Bromocliloropliciiol Blue 

I )ioh lorodihromophonol 

;L2-1.8 

Ycllow'-Blue 

Broinooresol Circeii 

Totrabroiiio-?//-oro*?ol 

8 .8-5 1 

Yellow-Blue 

Chlorophenol Bod 

JOii'hlorophonol 

‘18 0 4 

Yellow-Red 

Bromocrosol PurpI*,* 

I )ibromo-o-orosol 

5.2-0 8 

Yellow-Purple 

Bromophcnol Bod 

Dibromoplionol 

5 2- 0 8 

Yellow-Bed 

Bromothymol Blue 

Oiliroinothyiiiol 

0 0-7 (> 

Yellow-Blue 

Phenol Bod 

PI i on ol 

0 8^-S 4 

Yellow-Bed 

Crosol Red 

o-C'rosoi 

7 2'8.8 

Yellow-Bcd 


TABLE 1 1 


Fanal color 

Haaic dye 

Blue B 

Victoria Pure Blue BO 

Bremen Blue 

Special Blue G (Vulcan Bremen Blue X) 

Yellow G 

Auraiuinc (5 

Yellow Green G 

Auramiiu* G (08.497); Green GX (87.697) 

Yellow Green GG 

Aurnmine G (8197); Diamond Green GX (199c) 

Pink 

Ithodainine 4GD extra 

Red 3B 

Bbodamine. 4(11) extra (10.297); Bbodainine B extra (59.8%) 

Red 6» 

Rhodainine 8B extra 

Violet R 

Methyl Violet B extra hi>rhly eonc. 


the phosphomolyl)clcMinmtunji;stalc lakes (Immerheiser and Zschimmer, 
1923) are still faster and are very brilliant, 'fhe Fanal colors (IG) are 
such lakes of basic and acid triphcnylmethane colors, and of basic and 
derived acid colors belonj^inji; to the dipheuyhnethane, xanthene and 
similar classes. Sev’eral series of Fanal colors are nuuie; these aro listed 
in Tables II IV; the first column gi .es the name of the Fanal color and 
the second the name of the basic dye Avhich is laked.®- 

(1) The “old series.” Basic dyes are hiked in presence of aluminum 
hydroxide with a complex acid prepared by adding hydrochloric acid to 

“ BIOS 1661 . 
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a solution of tho sodium salts of phosphoric, molybdic and tungstic acids. 
For the preparation of the powder brands the reaction mixture is treated 
with Emulphor I'^M to render the lakes dispersible in oils;*® this also 
applies to the other series of Fanal colors. 

(2) Extra series. 'I'he basic dyes listed below are laked with a solu- 
tion obtained by acidifying a .solution of sodium molybdate an<l disodium 
hydrogen phosphate and reducing with zinc dust. 

TABLE III 


Fanal color 


Basic dye 


Blue B extra 
Yellow Green G extra 
Green G extra 
Red GB extra 
Violet R extra 


Victoria Pure Blue BO 

Basic Yellow 52115 (16.5%); Diamond Green G\ (5)^.5%) 
Diamorni Green GX 

Uliodamine 3B extra (84.5%); Bhodninine 4GD (15.5v[,) 
Methyl Violet N Blue 


(3) Supra series. Tho basic* dye is precipitated by a solution obt ained 
by acidilioation and zinc dust reduction of a solution of the sodium salts 
of phosphoric, molybdic, and tungstic acids; in some cases tho zinc reduc- 
tion is omitted. 

TABLE IV 

Fanal color linsir dye 


Blue B Supra 
Blue 3B Supra 
Bremen Blue B Supra 
Bremen Blue G Supra 
Yellow G Supra 
Yellow Green G Supra 
Green G Supra 
Pink B Supra 
Pink G Supra 
Red B Supra 
Red 0B Supra 

Violet R Supra 
Violet 3R Supra 


Vietoria Pure Blue BO 
Ceres Blue I 
Rhoduline Blue 5B 

Rhoduline Blue 5B (62%); Diamond Green GX (38%) 
Thioflavinc TON 

Basic Yellow 52115 (40%); Diamond Green OX (60%) 
Diamond Green GX 
Rhodainine 4GD extra 

Rhodaininc 5GD extra (93%); Auramine 0 (7%) 
Astraphloxine FF extra 

Rhodamine 3B extra (84.6%); Rhodamine 5GD extra 
(15.4%) 

Methyl Violet N Blue 
Red Violet for Fanal dye 


(4) M-series. A solution of potassium forrocyanidc and sodium 
sulfite is added to a solution of the basic dye and copper sulfate at 
about 70*^. 

Emulphor FM is triethanolamine monooleate; see also BIOS 421 . 
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TABLE V 

F anal dye Banic dye 

Blue RM Ethyl Violet BNOO 

Pink BM IthodaTniiie 4GD extra 

Red CBM Rhodaiuine 3B extra (80%); Rhodamiiie 4GD extra (11%) 

Violet RM Methyl Violet N Blue 

Violet 3RM Trioxybutylfuchsino 


The eoiKstitutiou of the Faiuil eolors is uncertain. For Fanal Blue 3B 
Supra the probable (‘omposilion has been stated; tin* Jake is made from 



Ores Blue 1, the basic dye obtained from Michler^s ketone and p-ethoxy- 
phenyl-a-naphthylamine. 

Fanal L brand lakes are made by dry grinding a mixture of an acid 
dyestuff, Fanal Salt WM [PtW^Oy^gNa JT 4 , lbTl 2 C)l, rock salt and 
dextrin.®^ 

Moth-Proofing Agents 

Colorless triphenylinethane derivatives hav(* been us(h 1 as moth- 
proofing agents. An example is Kulan ('X (KV) (Eaimc ('X).®® 

Cl Cl 



Cl 

EuIhii (.'N 


•• For an account of the niaiiufacture and properties of IG pro<lue1s for pest control, 
see BIOS 1480. 
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XANTHENE AND ACRIDINE DYES 

The hctorocyclic ring system, xantheiie or dilM'nzo-y-pyran, is the 
inner anhydride of o,o'-dihy<.lroxydiphen}’lmotliano and the oxygen analog 
of 9,10-dihydioaoridine. 7-Pyran itself has not yet been synthesized, 
but xanthene has been obtained by the distillation of o,o'-dihydroxy- 
diphenylmethane, as a decomposition product of aluminum phenovido, 



Pyryhum chloride 

Xanthone 7 -Pyranol 


and by the diHtilUition ol xaiithoiif* with zinc dust XiinthoiH' can bo 
prepared in se\onil ways, e.p; , by hoatinj^ salicylic acid with acetic 
anhydride; and .some naturally occurring yellow coloring malt(‘rs are 
xanthone derivatne.s ^ Kuxanthone, found in tlu' urine of cow.s fed on 
mango leaves, ia l,7-dihydro\yxanthone, and gentisin, the coloring 
matter of gentian root, is l,7-dihydro\y-Ibme11io\y\anthone 

Derivatives of 2- and 3-phenylb(»nzo-7-i)yrones (flavones and i.so- 
flavoneis) are widespread in natuie; an exainph' is quercetin (3,r),7,3',t'- 
pentahydroxyfla^onej, which occurs in numerous plants. Extracts of 
the bark of the oak Quercus tincloria which contains quereitrin (quercetin 
3-rhamnoside), old fustic w hich contains morin (3,o,7,2',4'-pentahydro\y- 
flavone) and maclurin (2,4,f),3',4'-pentahydro\yl)enzophenone), and 
Persian berries w'hich contain rhamnetin and rhamnazin (7-methyl and 
7,3'-dimethyl ethens of quercetin) are among the natural coloring matters 

* For rofs., see Mayer translated by Cook, The Chemistry of Natural Organic Coloring 
Matters, Reinhold, New York, 1013. See also Perkin and Everest, The Natural 
Organic Coloring Matters, Ix>ngmans, London^ 1918. 
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of the flavone group which were largely used at one time as mordant 


HOtC^ 

OH 

^ '211 — ^ 

0 

0 

/ 

HO 

ir-T 

)OH 

HO 

f, 

HO ^ 


y 


Quercetin Morin 

dyes for yellow, orange and olive shades, especially in calico printing. ‘ 
These natural coloring matters, especially fustic, are still used to a 
limited extent. 3-Hydroxyflavones (flavojiols) are distinct in some of 
their properth^s from flavone.s not containing a hydroxyl group in the 
3-posilion; as mordant dyes the former give deeper shades than the 
corresponding flavon<\s; flavon(;ls in a(jU(‘oiis alkaline solution are rapidly 
decomposed hy atmospheric oxygen. 

A general method for the synth(‘sis of flavones and flavonols is the 
Uobinson reaction^ in which aii o-hydro.\yacetophenone, such as phlor- 
ucetophenoiiO or w-methoxyphloracetophenone, is heated with the anhy- 
dride and the sodium salt of benzoic or a substituted benzoic acid: after 
hydrolysis of O-bcuizoyl groups (as well as a T-benzoyl group which some- 
times enters the 3-position) and demethylation, if necessary, the flavone 
or flavonol is obtained. ^I'lie Kobinscui reaction involves the transforma- 
tion of an o-benzoyloxyacetophenone to an e-hydroxydibenzoylmethane 
and subseipient cyclizalion to a flavone; the dikelone can be isolated in 
good yield l)y treating the e-benzoyloxyacetophenone with a base such jis 
potassium carbonate, sodamide or caustic potash in toluene, ether, or 
pyridine.- A method for the synthesis in higli yicM of flavones unsubsti- 
tuted in tin? 3-position is the action of selenium diovide on an o-hydroxy- 
chalkone. ‘ The Klbs persulfate oxidation of a phenol to a hvflroquinone 
has been found to be of great value for the synthesis of polyhydroxy- 
flavones and -flavonols.’’ 



O 

* Baker, JCS 1381 ( 1933 ); Maluil and Venkat.aranian, Current Sci. (hidia) 2, 214 

(1933); Wheeler et aZ., JCS 340 (1960); et seq. 

• liao and ^^shadri, Proc. hidian Acad. Sci. 26A, 417 (1947), et seq. 
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Rutin, the 3-rutinoside of quercetin occurring in various plants, 
exhibits vitamin P activity or the regulation of capillary fragility and 
permeability (Szent-Gyorgyi, 1936); a flavanone or 2,3-dihydroflavone 
derivative, which has similar activity, is hesperidin, the 7-rutinoside of 
5,7,3'-trihydr()xy-4'-methoxyflavanone. 

A general method for the synthesis of isoflavones, which have feebler 
tinctorial properties than flavones and flavonols, is the interaction of an 
o-hydroxypheiiyl benzyl ketone with ethyl formate and sodium, or with 
ethyl orthoformate, pyridine and piperidine.** Examples of naturally 

HC OOKt. N:i <•! 

1 1( ■ I ( )Kt ) j, |*\ « idini*. puMTidine 


o 

IsotlrivorK’ 

occurring isoflavones are prune! in (5,4'-dihydroxy-7-metlioxyisoflavone) 
and santal which contains an additional hydroxyl group in the 3'-position. 

The 7-pyran ring in the form of pyrylium salts (oxonium sails of the 
carbinol base, 7-pyranol) occurs in the anthocyanins, the red, violet and 
blue coloring matters of flowers and fruits. An example is cyanidin 
chloride; the 3,5-digluco.side, cyanin, is the (‘oloring matter of the red 
rose and the cornflower. The anthocyanins (and the aglycom's, antho- 
cyanidins) have mordant dyeing ])ropertie.s, but are quite valuel(\ss as 
dyes since they are unstable to water and alkali; they undergo charac- 
teristic color changes, useful for identification when the pll of an a(iueous 





* Sathe and Venkataraman, Current Sci. (Intlia) 18, 373 (1949); Iyer, Shah, and Ven- 
kataraman, ibid, 404. 
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solution is progressively altered (G. M. and R. Robinson) J 7 -Pyrones 
are reduced to 7 -pyranols by lithium aluminum hydride, and acid treat- 
ment then gives pyrylium salts; thus quercetin can be converted to 
cyanidin chloride. A widely applicable reaction (Robinson) for the 
synthesis of anthocyanidins and anthocyanins is the condensation of a 
salicylaldehyde and an w-hydroxyacetophenone in presence of hydrogen 
chloride.^ 

Catechin is a constituent of the red heartwood of Acacia catechu^ the 
fruit of Areca catechu^ the leaves and twigs of Uncxiria gambier^ and 
several other plants. It is a colorless Avater-soluhle substance which 
dyes brown shades ('^cutoh or catechu brown”) in conjunction with 
copper sulfate and sodium dichromate. Catechu or cutch, the dried 
aqueous extract used for dyeing and also for tanning, contains “catechu- 
tannic acid” besides catechin. Cutch brown was reputed at one time 
to be very fast to light, acid and alkali. While this is not true according 
to modern standards, it still remains a useful shade and continues to be 
used for dvf^ing awnings, sail-cloth, fishing nets, and other cotton materials 
on which cutch brown exercises a preservative action; cutch is also used 
for dyeing wool and silk and for weighting the latter. Catechin is 
3,5,7,3',4'-pentahydroxyflavan, and contains two asymmetric carbon 
atoms; several stereoisomeric catechins occur in nature. Cyanidin 
chloride can be reduced to r/Z-epicatechin, and the reverse conversion of 
(/-catechin to cyanidin has been effected bj' a series of reactions. The 
catechin skeleton is perhaps the precursor of the phloroglucinol tannins. 
A tannin red or phlobaphen is produced by heating an aqueous solution 
of cutch with a mineral acid. Catechin has been found to exhibit high 
vitamin P activity (Lavollay, 1943). 

Logwood extract (from the wood of Ilaematoxylon campechianum) is 
a natural coloring matter which is still used extensively for dyeing silk, 
wool and linen, and to a minor extent for calico printing. It yields rich 
deep blacks with iron and copper mordants. Silk dyed logwood black 
acquires a characteristic finish as a result of the swelling and weighting 
of the fiber produced by the somewhat complicated mordant-dyeing 
process which is customarily emploj^ed. The red coloring matter, 
haematein, occurs in logwood as the colorless dihydro derivative, haema- 
toxylin.i The analogous brazilein and brazilin of brazilwood (one of the 
” soluble redwoods”) are devoid of the hydroxyl group in the 8 -position.^ 

Xanthene Dyes 

The first synthetic xanthene coloring matters were the phthaleins 
(By, 1871), such as Fluorescein, Gallcin and Coerulein prepared by con- 
** Mirza and Robinson, Nature 166, 997 (1950). 
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densing phthalic anhydride with resorcinol, pyrogallol or gallic acid. 
The phthalcin dyes became technically important when a method for the 
manufacture of phthalic anhydride from naphthalene was developed some 
years later. The Rhodamines and Pyronines, which are derived from 
?»-alkylaminophenols and are basic dyes of the xaiithene group, were 
discovered in 1887-91 (C6r6sole; Kahn and Majerl; Bender), and because 
of the brilliance and beauty of the shades some of the earliest Rhodamines 
are still among the most important dyes for calico printing in spite of 
their poor fastness properties.® 

Classification and general properties. The xanthene dyes may be 
divided into two main groups: (1) diphenylrnethano derivatives, called 
Pyronines, and (2) triphenylmcthane derivatives, which mainly consist 
of the phthaleins prepared by phthalic anhydride condensations, but 
which also include a small group (sometimes called Rosainines) of 
9-phenylxanthene derivatives prepared from substituted benzaldehydes. 
The phthaleins may be further divided into (a) Flu(»resceins, which con- 
tain hydroxyl groups; (b) Rhodamines which contain alkylamino or 
arylamino groups; and (c) mixed types, which contain both hydroxyl 
and amino groups. 

Structurally the xanthene dyes are resonancre hybrids of ammonium, 
oxonium and carbonium structures, but they are convcMitionally written 
as oxonium salts. In their dyeing properties the xantherje dyes resemble 
the triphenylmcthane coloring matters. They are mainly basic, dyes, 
useful for dyeing wool, silk and taiinin-mordautod cotton and for calico 
printing; some members of the series arc especially valu(»d for the last 
purpose, notwithstanding their very poor light fastness. Acid dyes are 
obtainable by the introduction of sulfonic* groups ; the Fluoresceins, whu*h 
contain carboxyl and phenolic hydroxyl groups, are also acid colors useful 
for silk dyeing. Some of the Fluoresceins, particularly those in which 
the carboxyl group has been esterificHl, arc soluble in alcohol, and are 
useful for coloring spirit varnishes. By the introduc^tion of t>-dihydr4)xy 
groups and salicylic acid residues, mordant dyes, some of which are 
valuable as chrome-dyeing colors for wool and chrome-printing (colors for 
cotton, are produced. The shades available in the xantheiu! series are 
restricted to reds, pinks and violets, notable for their brilliance. A 
characteristic property of most of the xanthene dyes, especially the 
phthaleins, is their fluorescence, which is usually an unattractive feature 
and decreases their value in dyeing and printing. The fluorescence of 


• Hewitt, Dyestuffs Derived from Pyridine, (iiiinoline, Acridine and Xanthene, Long- 
mans, London, 1922; Hewitt in Thorpe's Dictionary of Applied Chemistry, Vol. I, 
Tiongmans, London, 1937. 
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some dyes is observed on wool and silk, but not on tannin-mordanted 
cotton. 

Pyronines. Pyronines are obtained by (?ondeiising m-dialkylamino- 
phonols with formaldehyde in presence of con(*entrated sulfuric acid, and 
oxidizing the xanthene derivative (Ij to the xanthhydrol (II) which com- 
bines with acid to form tluj dye. The usual procedure is to treat the 
xanthene with ferric chloride and nitrous acid in hydro(diloric acid solu- 
tion. Pyronine (I (Bender, 1889) (By; Cl 739) is a red basic dye which 
has a yellow fluorescence. When Pyronine is treated with potassium 
permanganate, two methyl groups are eliminated, and the product is 
Acridine Bed 3B (L; Cl 710). 



Pyronine G 


If two moles of a wz-dialkylaininophenol are condensed with the 
anhydride of a dicarboxylic acid, such as succinic or phthalic acid, dyes 
are formed directly: with s\iccinic anhydride the products belong to the 
Pyronine group, while with phthalic anhydride they are triphenyl- 
metluine derivatives. Hhodamine S (Kahn and Majert, 1888) (By; Cl 
743), the condensation product of /u-dimethylaminophenol and .succinic 
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anhydride, has a limited use for pink shades on tannin-mordanted cotton 
and for coloring paper and wood. 

Triphenylmethane derivatives. The replacement of formaldehyde by 
beuzaldehyde in the Pyronine synthesis gives a triphenylmethane or 
9-phenylxanthene derivative, which possesses useful properties as a dye 
if the aromatic aldehyde carries a suitable substituent in the o-position. 
Thus o-chlorobenzaldehyde and 2-methylamino-p-cresol give lihodamine 
5G (By; Cl 746), a brilliant red basic dye with somewhat better fastness 
properties than Pyronine G. 



Rlioiiamino n('i 


Useful acid dyes are ol)tained by condensing bcnzaldehy(le-2,4-disul- 
fonic acid with m-alkjdaminophenols. (’oudensatiou with m-dietliyl- 
aminophenol (to which is added about 8% of 2-ethylamino-p-crcsol for 
shade adjustment) leads to Sulforhodamine B extra (MI.B; Cl 748), a 
bright bluish-red acid dye. Sulforhodamine G extra is a similar dye 



Sulforhodamine B extra 


prepared from 2-cthylamino-p-cresol; the difference in the method of 
preparation is that the leuco compound is oxidized to the dye by means 
of ferric chloride.® Sulforhodamine B and G are level-dyeing and have 
good fastness to alkali, stoving and carbonizing, but poor light fastness 
( 1 - 2 ). 


> BIOS 9S9. 
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Phthaleins. I'he parent substance of this K*’oup, fluoraiie, is formed 
as a by-product in the phenolphthalein melt by part of the phenol con- 
densing in the o-position. 2,7-Dimethylfluorane, obtained by the con- 
densation of p-cresol with phthalic anhydride in presence of sulfuric acid 



Fluorane fA) Fluorescein 

at 135°, is converted into dimethylceroxonol by treatment with 24% 
oleum at 10-20°; treatment of the latter with zinc dust, ammonia and 
caustic soda in an autoclave at 120° for a few hours gives dimethyl- 
ceroxen:, ’which is sublimed and marketed as Fluorol 5G (IG) for the 




2, 7- Dimethyl fluorane Dimethylceroxonol Fluorol SCI 

coloration of motor fuels.' The condensation of resorcinol with phthalic 
anhydride in presence of concentrated sulfuric acid, which is a well 
known test for resorcinol derivatives as well as the anhydrides of o-dicar- 
boxylic acids, gives Fluorescein (By; Cl 700). Both the 3 'ellow amor- 
phous form and red crystalline form (the latter having a green iridescence) 
correspond to the more stable quinonoid structure (B); and the com- 
pound can also be isolated in the colorless lactone form A (needles from 
acetic acid). It dissolves in alkali witli a red color and a splendid green 
fluorescence, which is marked even at extremely high dilutions and is 
therefore useful for such purposes as determining the flow of water. In 
the form of the sodium or potassium salt, Uranine (Cl 766), it is used 
in dyeing brilliant yellow shades on wool and silk. The principal use of 
Fluorescein, however, is for halogenation. By treatment of a boiling 
alcoholic solution with bromine and sodium chlorate, four bromine atoms 


’ BIOS 1438. 
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can be introduced, and the product is Kosine (Cl 768), which dyes silk 
red with a brilliant yellow fluorescence; its main use is for coloring inks, 
and minor uses are for dyeing paper and coloi’ing cosmetics. The 
orientation of the bromine atoms in Eosine is in accordanc^e with expecta- 
tion by analogy with the bromination of phenol and resorcinol, and it 
has been definitely proved by alkali fusion of Eosine to a dibromo- 
dihydroxj’^benzoylbenzoic acid (I), which can bo cyclized with sulfuric 




acid to the known dibromoxanthopurpurin (11); further, by heating (I) 
above its melting point, Eosine and phthalic acid are obtaiiiecl (Cb Heller; 
R. Meyer). Tsing iodine and potassium iodate, the tetraiodo analog, 
Erythrosine B or J (Kussmaul, 187f>; CT 773), is obtained, which dyes a 
bluer shade than Eosine; it is also useful for coloring food and as an 
adsorption indicator. .I^der observed in 1883 that Erythrosine is a 
valuable green sensitizer for photographic plates, and it is still used for 
this purpose. Both Erythrosine B, and the triiodo compound, Erythro- 
sine A, are employed'as microscopical stains. Erythrosine Ofl (I(i) is a 
mixture of monoiodo- and a little diiodofluorcscein.’^ Spirit Eosine 
(Eosine S) (Cl 770), the ethyl ester of Eosine prepared by the usual 
esterification methods, gives faster and more attractive shades than 
Eosine, and it is used in coloring spirit varnishes. Dibromofluorescein 
and dibromodinitrofluorescein (Cl 771) have a limited u.se, and are 
marketed under the names Eosine 1180 (10) and Eosine BNX (10).® 
Eosine BNX is prepared by bromination of an a((uoous alkaline solution 




lik)sine 8 


Mercuroclirorne 
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of Fluorescein, followed by treatment with concentrated sulfuric and 
nitric acids; the product is marketed as the ammonium salt.® 

Mercurochrome (Merbromin), an important antiseptic, is mercuri- 
dibromofluorescein, prepared by brominating Fluorescein in acetic acid 
solution to the dibromo compound, and heating the latter with mercuric 
acetate or 3'^ellow mercuric oxide in the same solvent. The product is 
then converted into the disodium salt. The indicated constitution fol- 
lows from the dibromination of Fluorescein in the 4,5-positions as shown 
by the formation of 2-bromoresorcinol when dibromofluorescein is fused 
with alkali.^ It was the first organic mercurial to be introduced as a 
general antiseptic (1918;, and its value is due to its nonirritant character. 
It is used extensively for disinfection of the skin, mucous surfaces and 
wounds, and also administered internally for certain infections. 

using chloro derivatives of phthalici aiih3'drid(j in the fluorescein 
reaction, and further brominating or iodinating, a series of related dyes 
are obtained. Rose JJengal (jTO (IG) is a mixture of Iri- and tetraiodo 
dcrivati\’es of diclilorofluorescein prepared b3'^ condensing resorcinol with 
3,5- or 3,C)-dichlorophthalic anh3'^dride.® The tetraiodo derivative of the 



Rose Bengal B 


Phloxine N 


fluorescein prepared from di- or tctrachlorophthalic anhydride is Rose 
Bengal B (Onehm, 1882) (Cl); Cl 779). Dibromination of dichloro- 
fluorescein gives Phloxine N (IG).® Other Phloxine brands (Cl 778) 
have been stated to be tctraohlorotetrabromofluGrcsccin. 

Scheckfarbe AS (IG) is a naphthalene analog of Fluorescein, prepared 
by melting l,0-dih3nlr()X3maphthalenc and phthalic. anh3Tlridc at 180“200® 
for two hours it is used for printing checpies since it is very sensitive 
to the reagents used for erasure of i?)k. 

Two important mordant d3’es are included in this class. By heating 
a mixture of gallic acid, phthalic anhydride and concentrated sulfuric 


Sandin, Gillies and Lynn, JACS 61 , 2910 (1939). 
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acid, Gallein (Cl 781), which gives a violet shade on chromed wool, is 
produced. Gallein undergoes dehydration and cyulization on heating 



with concentrated sulfuric acid, and yields the anthracene derivative, 
Coerulein (Cl 783), which dyes green on chrome morilant. The soluble 
bisulfite compound of Coerulein, Coerulein S (Prud’hommc, 1870), is a 
valuable chrome-printing color (green and olive shades) for cotton. 

Chromogen Red B (IG) is a mordant dye of the phthalein as well as 
Rhodamine series; applied to chrome-mordanted wool, the shade has 
good fastness to light and milling.” 


(IV) 


/J-Rcaorcylic acid, 95% HiSO, 



Rhodamines. With the exception of Rhodamine S and 5G mentioned 
earlier, the Rhodamines are alkylamino derivatives of fluorane; ethyl 
derivatives are more soluble and are technically more valuable than the 
methyl derivatives. They are prepared by one of two methods: the 
condensation of a m-alkylaminophenol with phthalic anhydride, or the 
replacement of chlorine in dichlorofluorane by alkylamino groups. Thus 
Rhodamine B (C6r6sole, 1887) (BASF; Cl 749) may be prepared directly 
from m-dicthylaminophenol or indirectly from Fluorescein. The first 
method is used technically for the alkylamino derivatives such as Rhoda- 
mine B, and the second for the arylamino derivatives which are sulfonated 
to acid dyes. The two moles of m-dialkylami nophenol (III) condense in 
two stages; the intermediate benzoylbenzoic acid (IV) is not isolated, and 
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the nwitioii is carried out i)r()jrre8.siv<>ly liy the (>;r!i(iiiiil addition t>f (III) 
and the introduction, at the appropriate stage, of the sulfuric acid neces- 
sary for the condensation of the second mole of (111). Rhodamine B 


cii.virr I 

PHKrAn\Tr(>N oh Hikidamisk li 



Diclilorofluor.'inc Rhodamine B 


finds I'onsitlcM’iihlf use*, althnu^h it dyos unal t ract ivo bluish pink shatlrs 
with poor fastiK'ss on wool and silk and on ta.min-mordantod coftoii: on 
the animal libers the shades are strongly Huorescent: the dye is also used 
for coloring paper/' By the reaction i)f a basic dye, such as Rhodamine 
with a sodium alkyl sulfate (e.g., sodium cetyl or octadecyl sulfate) 
products are obtaiiunl which give fast dyeing.' after treatment with 
aluminum chloride, barium chloride and stannous chloride. Rhoda- 
mine li and antimony compounds form a colored comjdex which can bo 
used for the determination of antimony in biological fluids.** 

The ethyl ester of Rhodamine is the bluer Rhodamine 3H (Monnet. 
1891) (BASF; (M 751). 'The esteriiieation of the carboxyl group, a reac- 

** For a study of «*hroiuiuin-Hhodiiiniiic B toiuTs, see Sehimitzler and Othinor, 

Ink. Maker 26 , No. 4, 2t) (1048). 

’•’Lenhor and du Pont, TSP 2,052,710; du Pont, DHP OtUi.OSIb 
Maron, Anai. Chem, 19 , 487 (1047). 
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tion also involved in the preparation of Rhodamine (5G and 6G extra, is 
carried out by heating the carboxylic acid in 04% alcohol solution with 
ethyl chloride and magnesium oxide at 120° (7-8 atmospheres pressure) 
in an autoclave for several hours. I'he ethyl ester of the phthalcin from 
m-monocthylaminophenol is Rhodamine GG (l^ernthsen, 1892; Schmidt 
and Iley, 1892) (BASF; Cl 752) which dyes the most beautiful shades 
among the dyes of this series and is highly prized iii calica) printing. The 
shades have good washing fastness, but low light fastness. The phos- 
phomolybdotungstic lake is a valuable pigment, Fanal Pink (IG) (see 
Chapter XX 1 1 1). Rhodamine GGP or GG extra (IG), the higher homolog 



Rhodamine 6G Rhodamine (»GPor 6(1 extra 


of Rhodamine GG, is another beautiful and largely used dye. Rlu)da- 
mine 3GO (TG) is nnide specially for the dyeing of .silk; being unsym- 
metrically constituted, the phthalcin eondensation has to bo etTected in 
two stages.^’ 

CUIAllT 2 

PkSPARATIOX of HffODAMTNK 3CU) 



Rhodamine 3GO 


Acid colors can be obtained by the introduction of sulfonic groups, 
but these are not prepared by sulfonating the basic Rhodamines so far 
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described. Dichlorofluorane is condensed with a primary aromatic 
amine by heating in presence of zinc chloride and (luicklime to about 
200° for a few hours; and the product (obtained in nearly quantitative 
yield) is sulfonated. Using aniline and «-toluidine respectively, Fast 
Acid Violet B (Schmidt, 1888) (MLB; Cl 757) and Acid Violet 4R 
(BAvSF) or Fast Acid Violet ARIl (MLB; CT 758) are obtained. Fast 
Acid l^lue R (MLB; Cl 700) or Violamine la3BA (10) is obtained simi- 
larly from p-phonetidine and the tetrachlorofluorane obtained from 



(lichlorophthalic anhydride.^' I)y(\s of this typo ha\'e good fastness to 
light (5) and to milling (3 4j. The unsulfoiiated rompoiinds may be 
used as spirit-soluble dyes: e.g. Spirit Fast A ioW*1 H (10) is dianilino- 
fluorane, of which the corresponding sulfonic acid is Fast Acid Violet B 
or Violamine laJb^ The unsulfoiiated base of Acid Violet 4R is Spirit 
Fast Red 3B (lOj. Violamine 3(i spirit-soluble (10) is the condensation 
prodiK^t of two moles of m-2-x:^'lidine with dichlorofluorane.^ Sulfonated 
3,()Hlianilinotluoranes in which the anilino group contains o- or p-alkyl 
or cyclohexyl groups an' red to violet wool dyes, faster to wet treatments 
than conventional xantheiu^ dyes.*’'* 

Chromoxane Brilliant Bed BL is a Hhodamine with mordant dyeing 
liroperties, useful as a wool and silk dye aiul as a chrome printing color 
for cotton." Like other dyes of the Chromoxane serii's, it has good all- 
round fastness. An interesting feaiure of the preparation of Chromo- 
xane Brilliant. Red BL is the use of hydroxy trimellitic acid (V), which is 
converted into the anhydride (VI) by heating with concentrated sulfuric 
acid in o-dichlorobcnzene solution at 170-175°; m-diethylaminophenol is 


France, Haddock, and ICI, BP 631.039-40. 
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hoL^cooh 


(V) 

added and the reaetioii continued till no more water distils over (about 
5 hours).’ '" •* (liroinoxane Iballiant Red HD (31il) extra) is prepared 
by dissolving JR. in hot acpioous sodium carbonate and salting out with 
rock salt.’ ' ‘ 

By condensing (\’) with resorcinol or chlororesorcinol. orange, brown 
and red chromable dyes are obtained. The trimellitic acid .series has 
been extended by using .V-acylamidotrirnellitic a<‘ids to conden.se with 
w-alkylaminophenols, giving orange, yellow and bluish red dyes.“' 
Chloro- and bromotrimellitic acids have also been u.sed for synth(\sizing 
xanthene dyes by condensation with two moles of m-dielhylamino- 
phenol. ” The halogen atom can be replaced by a pipiu'idino or dimethyl- 
amino residue or by hydroxyl,''' the re.sulting bluish-red dyes can be 
afterchromed, and are suitable for cotton or visco.s(‘ printing. More 
complicated dyes are obtained by condensing (VI) ^ith one mole of a 
?n-alkylaminophenol, and then with a monoazo dye derived from resorci- 
nol and, for example*, gn aminonaphtholsnlfonie acid or an aminosalicylie*. 
acid.'*-' The products (e.g., \l\) can be n.sed as afterchrome dye-s for 
wool, or for chrome printing on cotton and viscose*. 




COOII 


'MG, HP 472,757; t77,lJ05; 40;t,2tK5. 

Hu(*hlor, iSpcf.\s an i Sunj^ninclf i, J A("S 71, 1 1 HU I!)). 
BIOS Mtsc*. Kept. 20. 

IG, BP 405,260. 

TO, BP 516, OaO. 

'■ IG, BP 508,850. 

>»SP 224,872. 

IG, BP 480, a28. 
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AclUlilNK l)VKfc> 

Although acricliiio is found in coal tar, and can also be readily syn- 
thesized from diphenylarnine by condensation with formic or oxalic acid 
in presence of zinc chloride, the acridine dyes are made by m-diamine 
(Condensations analogous to tlie preparation of Pyronines from m-alkyl- 
arninopheiiols. The acridine dyes (contain amino groups in the 3,0-posi- 
tions, and are salts of 9-hydroxy-9, lO-dihydroacridine (I). They are 



Arrulinc 



(conveniently written in the (Miuinonoid form; but like the azino. thiazine. 
oxazine and xanthiUK' dy(‘s to which they are structurally allied, the 
diarniuoacridinium ions are r(\sonau(^e hybrids of structures such as 
(IIA) and (IIB). 

Like the xanthenes, the acridine dyes fall iul»,> two groups: diphenyl- 
im'thane and triplienylmetliano derivatives; hut with the acridines the 
first type is more important, including Acridine Orange X<) and valuable 
chemotherapeuticals. The acridine dyes as a whole constitute a small 
group of y('llow, orange and brown basic dyes, which ha^T a limited use 
in dyeing wool, silk and jute, in calico printing, and as leather dyes. As 
antiseptics and medicinals, the acridine dcTivativt's have much greater 
interest. 

Diphenylmethane derivatives. 3,()-niamini)acridine sullate is the 
antiseptic Proflavine, lirst made by Ehrlich and Benda (1010), and later 
by Frores (1910) by an improved method in which ?a-j)henyleiiediamine 
is heated with glycerril, oxalic acid and zinc chloride at 100°, and the 
diaminodihydn^acridine or leuco base thus lormed is oxidized to th(^ 
accridirie.*^** Proflavine is then prepared by dissolving the diamino- 

Ktablisscmcnts JVniloiu* Fn'n's, OHP atT.SlO: scm* also .-Vlbort, JCS J21, *184 

( 1941 ). 
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acridine in sulfuric acid. 3,6-Diaininoacridinc cannot be prepared by 
condensing m-phenylcnodiamine with formaldehyde, but an alternative 
route, starting from aniline and formaldehyde, is outlined in Chart 3. 
Benda (1912) also prepared pure 3,0-diamino-10-methylitcridinium 
chloride, described originally in 1890; Ehrlich found that the compound 


CHART 3 

SYNTHKfc>IS OF PROFLAVlNE AM) A( UIFI.AV1N E 


HCHO Heat vkith PhNHj, HC 1 

PhNH, PhN=CH, 



NH, 


1 Nitirite 
1? Unlufo 


I H('l under pr 



is active against trypanosomes, and named it 'J rypidlavine ((': CM 700). 
Both Trypaflavine (Ehrlich and Benda, 1910) (C; Cl 790) (now known 
as Acriflavine) and Proflavine are powerful antiseptic and l)actoriostatie 
agents, and Browning’s studies (1913) led to their cxiensive use as wound 
antiseptics in the first world war. Acriflavine is more potcuit than Pro- 
flavine, but also acts more slowly and is more toxi(^, and its use in prefer- 
ence to Proflavine appears to be irrational.*^ Trypaflavine (IG) is stated 
to be a mixture of pure Trypaflavine f()3 07%), Proflavine (21.5 -27.5%), 
7-8% water and 2. 5-3.5% of sodium chloride.** It is used in the treat- 
ment of various conditions requiring an external antiseptic. Acridine 

Berry, Quart. J. Pharm. Pharmacol. 14, 149 (1941). 

i^FIATSeS. 
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Yellow G (Bender, 1889) (L; Cl 785) is a homolog of Proflavine, prepared 
from m-toluylencdiamine. It had seme use at one time both as an 
antiseptic and as a dye. Auracine G (By; Cl 780) is the formate of 
Acridine Yellow; the lO-methyl derivative of Acridine Yellow is Diamond 
Phosphine GF (IG).® Monoaeyldiaminoacridines are of interest as 
fungicides.-^ Uivanol (Morgenroth, 1921) is a yellow dye, which has 
been used in the treatment of amoebic dysentery. 



NIC 


Acridine Yellow Uivanol 

Albert and Linnell-‘ have studied the effect of the position of the 
amino groups in mono- and dianiinoacridincs on the bacteriostatic 
power 9-Aminoacridine and 9-amino-4-methylacridine have a marked 
synergistic effect on the antibacterial action of the sulfanilamides. 

Since (|uinine is a quinoline derivative and acridine is a benzocpiino- 
line, acridine compounds have figured prominently in the search for 
antimalarials, and Atebrin (Me]>acrine, QuinacrimM was introduced by 
IG in 1930. It is as effective as (pnnine and has the advantage of ])eing 
better tolerati'd, so that it is particularly tiseful in cases where (juinine 
is contraindicated. It is frequently administered in combination with 
Plasmochine which is a (juinolino den-ivative having the same side chain 



NH 


I 

Me -CH— (CHa)a — NEta 
Atebrin 

« IG, BP 368,884. 

“JCS 88, 1614 ( 1936 ); 22 ( 1938 ); see also Goldberg and Kelly, ibid. 102 ( 1946 ); 
Albert and Magrath, J. Soc. Chcni. Ind. 64 , 30 (1945). 



758 


XANTHKNK AND ACKIDINK DYKS 


as Atebrin. The starting materials for Atobrin are the dye intermedi- 
ates, 2,4-dichlorobenzoic acid and p-anisidine. 

Among the very few acridine dyes derived from diphenylracthane, 
which are of interest in dyeing, is Acridine Orange NO (Bender, 1889) 
(L; Cl 788) or Uhoduline Orange NO (Enchrysine 3HX, 10).* Alterna- 
tive methods are available for preparing the intermediale (111) which is 
cyclized and oxidized to the dye. m-Aminodin»elhyl aniline may be 
condensed with formaldehyde, or 1. r-his-dimethylaminodii)licnylmeth- 
ane may be nitrated and reduced. Acridine Orange NO dyes silk from 



xMc 




H, 



T‘"Y 

Mc,Nr5^ 

r 7^ 

kAA 

Cl- 

Me 

Jmc 

Cl- 



Diamoud Phosphine RF Ludirysirir G(IXX AcMidmc OianKo NO 


NMe, 

Cl- 


a soap bath oraiigjo witli a fhiorosfTnce, and it i;:i. also us(m1 in (*alico 

printing and leather dyeing, Aeridine < )range is converted into brown to 
violet-brown basic dyes l)y nitration, reduction and oxidation. FAichry- 
sine (JGXX (IG), used for dyeing vegetable tanrual leather and for yellow 
discharges in (ralico printing, is pr(*par(*d from the appropriate diphenyl- 
amine and acetaldehyde.-® Diamond Phosphine HF (IG) is an example 
of an unsymmetrically constituted acridine dye. Goriphosphine 0 (Cl 
787), probably the hydrochloride of 3-amino-()-dimethylamino-2-methyl- 
acridine, has found use in the j)reparation of artificial gold thread (“zari*’ 
threads) in India; cotton or silk threads are plated with silver and then 
coated with a lacfjuer dyed a golden sha<le with Goriphosphine 0. 

The alkylation of Acridine Yellow or of Ihuizoflavine (see later) by 
means of alcohol and mineral acid yields us(»ful leather dyes, mark<»ted 
under the names of Hrilliant Phosphine, Patent Phosphine, etc. One of 
the Brilliant Phosphines, a dibenzyl derivative of Acridine Yellow, is 
prepared from 2-:V-benzyl-m-toluylenediaminc and formaldehyde. 

Albert and Bird-® liavc made a systematic study of the color and 
dyeing properti(»s of the aminoacridines. 

^^FIAT 1313 II. 

=« J. Soc. Dyers Colounsts 69, 74 (JOtS); 64, an? (ItUS). 
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Triphenylmethane derivatives. Thv ul(l«?.sl nuunlKM* of th(' acriclino 
class of dyes, I’hosphine or Chrysariiline, a yeliowisli brown basic dye, 
was isolated as a by-product from the mother licjuors of Magenta manu- 
facture (Nicholson, 1802). It is still largely used in leather dyeing. 
The me(duinisin of its formation in th<‘ Magenta melt was determined by 





(). Fisclier and Korner (ISSl). The constitui ioji was confirmed by 
syntheses from o-nil rob(Mizaldehyde and aniliin* and from p-amino- 
benzaldehyile and m-aminodi])henylamine. S\ilft>nation of Phosphine 
and its homologs give.s useful leather dyes, Leather Yellow (IS (IG). 

Benzoflavine (Rudolph, 1887) (GrK; (T 701) is prepared by condens- 
ing benzaldehyde with w-toluylenediamine to give the tetraminoditolyl- 
phenylmcthane (lY), which is heated with hydrochloric acid underpressure 




for (^yc^lizatioti to the dihydroacridine ami oxidized by means of air or ferric 
chloride. Benzoflavine is a yellow ilye use«l in cali(*o printing and leather 
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dycinij;. The reddish brown Rheoriine AL (Aliiller, 1894) (BASF; CR 
795) is used for similar jnirposos, and is made by the condensation of 
Michler’s ketone with m-pheiiylenodiamiiie. In applying these' aeridiiic 
dyes to leatlier, a potassium titanoxahite mordant, is generally employed.-' 


2' Fierz- David, Kiinstlicho Orgniiijiclio FarhstolT^^ Frpanziin^^shaiul, S])rii)K**r, Borliii, 
19:i5. 
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AZINES, OXAZINES, THIAZINES 

The uzine group is important in (lyestiilT history, since it includes 
Afauveine, the first coal-tar dye to he made c-ommercially. Safranine 
and Induline, also aziiic dyes, were diM*overed sor)n after. ^Methylene 
lUue, the first technically useful tliiazine dye, was made in ISTO, and the 
first oxazine dye, Meldola’s Blue, in 1S79. The chemical constitution 
of these dyes, the mechanism of their formation and their interrelation- 
ships were, howev(*r, larg(‘ly obscure for a (juart^ r of a century, and were 
ultimately elucidated as a result of the work of s(‘veral chemists: Witt, 
Nietzki, Bernthsen, Kehrmann, O. Fischer and Hepp. 

Ine parent ring systems from which the azine, oxazine and thiazine 
dyes are derived are dihydrojdienazine (1), ])henoxazin(‘ (II) and pheno- 
thiazine (III), so that the three series of dyes are very closely related in 





structure. The dyes themselves are “oniiim^^ salts of the general form 
(IV), in which X = NK, O or S. 'fhe basic dyes belonging to these 
three groups, as well as the xanthene and acridine dyes, can all be derived 
from the fundamental skeleton (V) by suitable changes in X and 
There has been considerable f*ontroversy in the j)ast regarding the o- or 
p-quinonoid structure of these dyes, but it is now obvious that the 
cations are resonance hybrids, best represented in the form (I\). For 
the sake of simplicity, however, all the dyes in the series have been repre- 
sented by structures in which the caiivunc charge is on a nitrogen, oxygen 
or sulfur atom in the heterocyclic ring, 'fhe deep and intense colors of 
the azine, oxazine and thiazine dyes are associated with a resonance 


7tB 


' See Chapter VIII. 
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-1 + 


NRa 


ci- 



which ijs tjomewhiit similar lo ilic msoiuuu'o to which the color ot the 
triphenylmethaiic dyes is duo, and this structural analogy between the 
two groups of dj'es is also noticed in the similarity of the shades (brilliant 
reds, violeN, blues and greens) ^ 

The relatioiiNhip of the azine, oxazine and thiaziiu' dyes to indamines 
(VI) and leuco indamines (diphenylamines) (VII) is clear from an inspec- 
tion of the formulas; the essential reaction unsolved in the conversion is 
eyclization by the intro(lu<*tion of a introgen, oxygen or sulfur atom. 
The azine, oxazine and thiazine dyes are mainly basic dyes, but as in the 
triphcnylmethane series, the introdu<‘tion of suHonic groups, by sulfona- 
tion of the dye bases or by starting with intermediates containing sulfonic 
groups, leads to acid colors w^ith improved fastness to light The oxazine 
series has been extended more recently by the prc'paration of acid- 
mordant dyes, useful both as wool and silk dyes and as chrome-printing 
colors for cotton, and of direct cotton colors charaiderized by excellent 
fastness to light * ^ 



^^1) (MI) 


Qt INONKIMIXLS 

The quinoneirnines include blue and green compounds w'hich arc 
no longer employed as dyes, but they are closely related to azine, oxazine 
and thiazine dyes, and they are important intermediates for sulfide and 
sulfurized vat dyes.'* 

The indamines (e.g., Phenylene lllue) are obtained by oxidizing a 
neutral solution of one mole of a p-diamine (e.g., p-phenylenediamine), 
containing at least one primary amino group, and one mole of a monamine 
(e.g., aniline) having a free p-position. A second method is to condense 

ICi methods of preparation ot various azirio, oxazine and thiasinc <l>cs arc doHonticd 

in (2) BlOa 969, (3) FIAT 1313 II, and (i) BIOS 1433. 

Sec Chapters XXXV and XXXVI. 
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a nitroso compound with a tertiary amine, d'he indamines are readily 
redvced. t(» th(‘ leuco compounds ( I, r-diaminodiphenylamine and its 


^.\0 + ^XMe, ^=NMc, + H.O 


derivatives). The indamines are also sensitive to both acid and alkaline 
hydrolysis. Alkaline hydrolysis leads to the indophenols, sometimes 


Cl Cl 



called indoanilines to distinguish them 1‘rom the ‘Mnie indophenols’* 
(e.g. I). However, indophenols of the type (1), which is an oxidizing 
agent (Tillmans reagent) used for the estimation of ascorbic acid and is 



also an indicator (blue with alkali, red with acid), do not figure as dye 
intermediates. The term indophenol. therefore, usually represents the 
indoanilines in dyestuff chemistry. The indophenols are prepared hy 
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methods analogous to the two indicated for the indamines, with the 
difference that one of the reactants has a hydroxyl in place of an amino 
group.* Thus Indophenol Blue can be prepared by condensing a-naph- 
thol with p-nitrosodimethylaniline, or by the oxidation (e.g., with 
dichromate and acetic acid) of a mixture of a-naphtliol and p-amino- 
dimethylariiline. The leuco compound in alkaline solution has alBnity 
for cotton and Indophenol Blue w'as used at one time as a vat dye. Such 
indophenols can be used as fat-soluble dyes. 


Azines 

The parent ring system (1) from which dyes of this group are derived 
is known as phenazinc or simply as azine, although the systematic name 



should be dibenzopyrazine, bearing tlie same relalionshii) to pyrazine or 
1,4-diaziiie (II) and quinoxaline (III) as anthracene to benzene and 
naphthalene. The azinos^ themselves arc colorless or pale yellow com- 
pounds, but they form intensely colored salts, derivatives of phenazoniiim 
chloride, which are basic dyes. An interesting cxanTplc of a dihydro- 
phenazine wdth very different dyeing properties is the anthratiuinonoid 
vat dye, Indanthrene Blue R. 



Intramolecular ([uinonoid addition in an indarniue^ such as Toluylene 
Blue (Cl 820), results in a leuco azine (IV), which then undergoes oxida- 
tion to the azine (e.g., Xeutral lied; 825). Neutral lied is readily 
obtained by adding p-nitrosodimethylaniline to a solution of w-toluyl- 

• Mason in Thorpe's Dictionary of Applied Chemistry, 4th wl., Vol. I, I^ongmans, 
London, p. 563. 
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enediamine in hydrochloric acid containing a little ferrous chloride at 
90 -95°. Such phenazine dyes, not carrying an alkyl or aryl group on an 
azine nitrogen atom, have been classified as Eurhodinos, and analogous 
compounds containing hydroxyl groups as EurhodoLs. The Eurhodines 
and Eurhodols are obsolete as djn^s, but Xeutral Red is useful as an 
indicator (red to orange at pll 6.8 8.0) and as a microscopical stain. 

Another method of preparing an azine dye is to heat an o-aminoazo 
compound with an amine having a free p-positioii; thus the interaction 
of 2-cthylamino-5-methylazob(M\zcne-4'-sulfonic arid with a-naphthyl- 
amine hydrochloride in presence of phenol as a diluent yields Induline 



Scarlet (('I 827), which was for a long time used as a catalyst in the 
preparation of tht‘ indigo vat and for printing vat colors by discharge 
methods in conjunction with formaldehyde sulfoxylate, but has now 
been (lisplac<Mi by ant hracjiiinone. Azines of tliis type are called alkyl- 
rosindulines. 


Saframm:s 

The technical!}' important azines are deriva^v(^^ of 10-phenylphena- 
zonium chloride (I). Tlie inonoamino compounds are sometimes called 
Aposafranincs; aminohydroxy compounds Safraninoles; diamines Safra- 



Aix)safranine 
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nines; and dihydroxy derivatives Safranoles. Although (I) is a strongly 
ionizing ammonium salt, the corresponding base is unstable, since (I) 
is converted by caustic alkali into Aposafranone and by ammonia into 
Aposafranine. This unusual amination is of interest from the point of 
view of the formation of Indulines and Nigrosines (see later). The 
accepted constitution of the Safranines is the result of Kehrmann^s 
extensive work on the subject.^ 

The simplest Safranine (Safranine H; Phenosafranine; Cl 840) is 
obtained by oxidizing a mixture of 7 >-phenylenediamine and aniline to 
the indamine by means of dichromate atul hydrochloric acid, and boiling 
the solution to convert the blue indamine into the nal Safranine. The 
reactions involve the formation of an indamine, (|uinonoi(I addition of a 
molecule of aniline to form the o-anilinodiphenylamine derivative (II), 



which then undergoes oxidation to the Safranine. This is a g(‘neral 
reaction, and is the method employed for the teclinical ])reparation of 
the Safranines. The reciuirements are one mole of a p-diamine and two 
moles of the same or different monamines; the p-diamine must have a 
free o-position and the monamine a free m-position for the cyclizatioii 
to the azine to take place; this monamine must also have the p-position 
free for the indamine formation. The second monamine must be a pri- 
mary amine. Among the oxidizing agents employed are ferric hydroxide, 
chromic acid and manganese dioxide sludge obtained as a by-product 
from saccharin manufacture.^ Safranine B has been displaced by 
Safranine T in dyeing, but has found use as a photographic desensitizer, 
which enables panchromatic plate.s to be safely developed in diffuse light. 
The Safranine of commerce, Safranine T (O. Williams, 1859) (BASF; 
Cl 841), consists largely of the higher homolog prepared from a crude 

’ Kchrmann et a/., Heh. ('him. Acta 8 , (>75 (1925) and enriior papers. 

* Fierz-David, Kiinstliche OrganiMrlio FarbsmAfo, ErgnnzunKHhand, Sprinner, Berlin, 
1935, p. 321. 
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o-toluidine containing aniline; this is treated with a limited amount of 
nitrous acid to convert the primary amines partly into the aminoazo 
compounds which are reduced in situ with iron and acid to a mixture of 
aniline, o-toluidine, p-phenylenediamine and p-toluylenediamine. This 
mixture of mono- and diamines then undergoes the indaminc oxidation 
and the azine cyclization. Saf ranine T extra cone, is a symmetrically 
constituted and substantially homogeneous compound prepared by 
reducing o-aminoazotoluene to o-toluidine and /^-toluylenediamine, 
oxidizing with dichromate and hydrochloric acid, adding aniline, neu- 
tralizing with calcium carbonate and boiling.'* The dye is purified by 
treatment with dichromaie an<l sulfuric acid at 9")'', making alkaline with 
soda ash and adding sodium sulfide*. The mixture is filtered, and the 
filtrate salted out. Siifranine T dyes tannin-mordanted cotton brilliant 
red shades with good fastness to washing and poor light fastness. One 
of the amino groups in Safranine is readily diazotizable, and the dia- 
zonium salts may bo coupU‘d with suitable components to give azo dyes 
with dyeing properties, such as Janus Blue Cl (MLB) or Indoinc 

Blue (Kegel, 1880) (BASF; Cl 135) (Safranine /!i-Xapht hoi); but 
these have no technical value. The second amino group in Safranines 
can also be diazotized by using special methods (e.g., diazotization in 
concentrated sulfuric acid). 

By oxidizing a mixture of p-aminodimethylaniline (or p-aminodiethyl- 
aniline) and aniline*. Methylene Violets (III; U = Tl or Me; W = Me 
or Ft) are obtained; Safranine MX (C’l 813) is (111; R and W = Me). 



Tlie tetramethyl and tetraethyl derivatives (Amethyst \ iolcts; (T 847) 
are photographic desensitizers. IVrkin’s Mauveine, which was used for 
printing Victorian violet stamps and which has no technical interest at 
the present time, has been shown to be mainly constituted as phenylated 
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toliisafraniue. Rhoduline Heliotrope 3B (IG) is a dye of definite con- 
stitution prepared by oxidizing a mixture of p-aminodiphenylamine and 
monomethyl-o-toluidine to the indamine, condensing with aniline, and 
isolating the dye as the formate." 

Pinakryptol Green, which is isomeric with phenosafranine, is a 
powerful and widely used desensitizer for photographic films and plates.*® 



Pinakryptol Green 



Mat^tlalii Ucd 


The naphthalene analog of Safraiiinc 11, Magdala lied (DU; Cl 857) 
is prepared by heating 4-aminoazonaphthalene hydrochloride and 
a-naphthylamine ; it dyes silk a fluorescent pink sliadti. 

Kehrmann” has utilized the condensation of l-chlor()-2,4-dinitro- 
naphthalene with o-aminodiphenylamiues for the preparation of azint? 
dyes.^‘^ 

The phenylnaplithophenazine derivatives such as the Azocarmines 
(see lat^r) are sometimes classified as Rosindulincjs or Phenylrosindulines. 
A further distinction has been made between llosindulines like the 
Azocarmines, which have the auxoclirome in the naphthalene ring, and 
isollosindulines, such as Neutral Blue (C; CT 832), in which the auxo- 
chrome is in the benzene part of the naphthophenazine nucleus. These 


Neutral Blue 



• Report 19, Textile Series, Office of the Ouarterni aster General, IT.S. Dept, of Com- 
merce. 

See Chapter XXXVI H; and Mccs, The Theory of the Photographic Process, 
Macmillan, New York, 1945, p. 1045. 

Kehrmann, Ber, 66 , 2385 (1923). 

For a summary of various methods for the preparation of azine dyes, see l^antz, 
Ann. Chim. (xi), 2, 55, 101 (1934). 
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names, however, arc confusing and serve no useful purpose; the chemistry 
of the Safranine series is readily understood by relating them to the 
parent plicnylphenazonium chloride (I). 

While the azine (1) has no dyeing properties, which are accjuired only 
when one or more auxochromic amino groups are introduced, Flavinduline 
0 (Schraubc, 1893) (BASF; Cf 824) is a brownish y(41ow basic dye, used 



Flavinduline 0 


at one time in calico printing and leather dyeing; it is prepared by con- 
densing phenanthra(iuinone with o-aininodiphonylamine. Yellow to 
brown hvdroxy- and aminoplienanthranaphthazines have been prepared 
by the condensation of 1 ,2-uaphthylenediamine (or its 5-sulfonic acid) 
with amino- and hydroxyphenanthraciuinones; naphthaflavindulines 
containing bromo, amino and anilino groups dye wool in maroon, blue, 
and olive-green shades.''^ 

Properties and reactions of the azines. The parent azincs and the 
azine dyes give characteristic colorations with strong mineral acids, 
which change on dilution. Safranine forms a picrate which is insoluble 
in water, and readily soluble in chloroform, and Safranine can be esti- 
mated by titrating an acpieous solution with picric acid solution in 
presence of clilovoform until the aqueous sola icn is decolorized.^^ 
Hydrolysis i)f azine dyes l)y heating under pressure with hydrochloric 
acid in glacdal acetic; a(‘id gives hydroxy compounds, the absorption 
spectra of which give an indication of the constitution of the dyes.*® 
Reduction and oxidation do not yield identifiable products. 

The azine dy(‘s are oxidation-reduction indicators, and the charac- 
teristic constants of the systems have been determined for several dyes 
(e.g., Neutral Blue; Indulinc Scarlet; Safranine B and T).*® ot-IIydroxy- 
phenazine and Kosinduline are reduced in acid solution in two stages with 
the addition of one hydrogen atom in each case, the color changes 
(green — > yellow; and violet - 3 ''ellc'w) corresponding "Aith the formation 
of semiquinoncs, which are true reduction products.*' 

** Sircar and Dnit, JCS 121, 1941, 1952 (1922). 

Castiglione, Z, anal. Chew. 97, 334 (1934). 

Bass, Helv. Chim. Acta 16, 403 (1933). 

*«Stichlcr, (^hon, and Clark. JACS 66, 891, 4097 (1933). 

Michaelia, J. Biot. Chew. 92, 211 (1931). 
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The Milling liluejs (K, 1890; Cl 856) were obtained by the sulfonation 
of A/^-arylnaphthosafranines such as (V), which can be prepared by heat- 
ing bcnzcneazo-a-naphthylamine, of-naplithylamine hydrochloride and 
aniline, l^xamples ol faster dyes of the azine seri(*s are Indocyanine OB 
(ACFA)** and Wool Fast Blue BL and CL (Ctt, 1907) (By; Cl 833), pre- 
pare<l by the indicated sfTies of reaclions. The Wool Fast Blues have 
light fastness 4 5 and milling fastness 3 1. Some of the Polar Blues 



\V(K>1 Fast litnc BI. and (4. 
(U = 



(Cy) are analogous compounds (e.g. Vl).‘-* They may be prepared by 
lieating the sulfonic acid (\'1I), prepared by standard methods, with 
-l-aminodimethylaniline-3-sulfonic acid; it has been suggested that this 



IK'W sulfonic group is responsil>le for the improved fastness of these dyes. 

In preparing acid colors of the azine series, sulfonation at the final 
stage sometimes offers difficulty. IC claim-” that sulfonation is rendered 
more facile by having alkyl groups in the ring A in a dye of the formula 
(Vni). Supramine Blue FC (IG), prepared by the indicated series of 
reactions, illustrates this device;^ it is a level-dyeing acid color with good 
light fastness. When the dye (IX) is benzylated, a clearer blue shade 


'* DHP 504, 

BP 457, t48. 



772 


AZINES, OXAZINE8, THIAZINES 



Suprainine Blue K(i 

and improved fastness to sea water are prodii(?od.'"^ An IC'l patent^^ 
introduces higher alkyi groups into this type of dyestutf by synthesizing 
dyes from, for instance, l,3-dianiliuonaphthalene-8-sulf()ni(i acid and a 

u 

(VIII) 

4-amino-4'-alkyldiphenylamine-2-sulfonic acid. By treating two moles 
of an aminosalicylic acid with one mole of a naphthol-, naphthylamine-, 
or aminonaphtholsulfonic acid in presence of bisulfite, condensation 
products having one loosely bound molecule of aminosalicylic acid are 
obtained.^® This aminosalicylic acid molecule is easily split off, and by 
condensation with a nitroso secondary or tertiary aromatic amine, 
IG, BP 461,207. 

” ICI, BP 455,693. 

9* Durand and Huguenin, BP 437,798. 
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mordant azine dyestuffs of the type (X) are produced. Such dyes are 
suitable for chronic printing on cotton and give bluish violet to reddish 



violet shades of good fastness.-^ Fluoriiuline dyes (XI) arc obtained by 
treating an azophoniiie of the type (XII) with oxidizing agents such as 
lead peroxide, pyrolusite or potassium permanganate. The dyes are 
very sensitive to acids and alkalis, and unsuitable for textile dyeing, but 
IG idaim to have overcome this defect to some extent by building up 
substituted fluorindines in such a way that they contain either a nitro 
substituted l)cnzene radical, or a radical of the naphthalene, anthra- 
(luinone or pyrene seri(}s.-*‘ These sulfonated diarylfluorindinc dyes are 
of interest for tluar property of dyeing cotton and viscose directly in blue 
to green shad(\s, and they represent a new scries of substantive dyes.-*^ 

Indulines and Nigkostnes 

Indulines are blue dyes obtained by heating azo compounds, particu- 
larly amnioazobeiizenc, with aniline and aniliiu^ h 3 ^droehloride at 180° 
(Dale and Caro, 18()3; Coupier, 18()7).-^ Conce drated aqueous solu- 
tions can be used, and the bluene.ss of the shade is then controllable by 
the time of heating; longer heating gives progressively bluer shades. 
The complex mixtures of azines which arc thus formed are insoluble in 
water, but soluble in alcohol. The initial product is Azophenine (diani- 
linoquiiione dianil), dark red ciystals, m.p. 240°. By continued heating 



Azoptieninc Induline 6B Induline B 

« BP 452,346. 

« BP 4t2,732. 

»» IG, BP 452,006. 

Mason in Thorpe’s Dictionary of Applied Chemistry, 4th ed., Vol. VI, Longmans, 
London, p. 467 
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with repeated additions of aniline, condensation and oxidation take place 
and the ultimate product is Induline GB. If redder shades are desired 
(e.g., Induline B and 3B), alcoholic solutions and shorter heating are 
employed. It is difficult to carry out the reaction in sucjh a manner that 
the product is a single substance, and the commercial Indulines (Cl 
859-863) are largely mixtures which arc standardized by colorimetric 
tests. The Indulines may be used as the bases, e.g. Fast Blue Base IIF 
(Induline Base 5BM), which is prepared by heating aminoazobenzene 


’“JXX) 


PhN^ 


NHPh 


I 

Pli 


Fast Blue Base RF 



Indopheninc 


with ferrous chloride and nitrobenzene at 180'^ for a few hours, and 
basifying with caustic soda.^ If a diamine is used in the reaction mix- 
ture, or if the spirit-soluble Indulines are heated with /^-diamines such as 
p-phenylenediamine and p-toluylencdiamine, more basic prodiuds form- 
ing water-soluble hydrochlorides are obtained (Indophenine, By; Toluyl- 
ene Blue, GrE; Cl 803). Sulfonation of the spirit-sohibl(‘ Indulines 
yields water-soluble Indulines, which are acid dyes (Fast Blue, Solid 
Blue). 

The constitution of the main components of the Unluline melt has 
been elucidated by Kchrmann, who synthesized Induliiu^ 3B as indi- 
cated. 2 ** Induline 3B was converted into OB by heating with aniliiK*. 
aniline salt and mercuric oxide. 



Indulines are formed as by-products iji the Magenta melt and in 
various other reactions of amines and azo (jompounds, such as the con- 
densation of aminoazo (fom pounds with phenols or quinoncs arnl of 

« Helv. Chim. Acta 8 , 6(»1 (1025). 
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hydroxyazo compounds with arylamines. The interaction of amino- 
azobenzenes or of the spirit-soluble Indulines with benzidine hydro- 
(ihloride leads to direct (jotton dyes which have not found practical 
application. 

Nigrosines are black dyes, obUuned by heating nitro compounds, 
such as nitrobenzene or nitrophenols, with aniline and aniline hydro- 
chloride in presence of iron or ferric chloride. Bluer or greener shades, 
corresponding to the degree of phonylation, arc obtained by altering the 
proportions of reactants and the time of heating. The melt is finally 
cooled, made alkaline, (‘xcess aniline removed by heating in a vacuum 
pan dryer, and the residual base rendered soluble in alcohol by 
reprecipitation from an acul solution if necessary; the* products arc 
Spirit Xigrosines. Another method of making a Xigrosine (Xigro- 
sine Base CF Xcw, IG) is to heat aminoazobenzene and hydro- 
chloric acid to dryness, and cook at 130 135° for a few hours. 
C'areful control of time and temperature are necessary, since longer 
cooking and higher temperatures give bluer melts. The melt is made 
alkaMric with aciueoiis caustic soda; the l>ase is separated and steam- 
distilled until the aniline content is less than 2%. The low aniline 
content is necessary for Leather IMack Brands, and also because the 
base bec^omes sticky and difficult to crush with a higher aniline content. 
Those products, like the iTuhilines, are mixtures of azines, but usually 
more complex in character; they are insoluble in water, soluble in alcohol, 
and convertible into soluble Xigrosines by sulfonation. An example of a 



NigroHiic C New 


simple Xigrosine is Xigrosine C Xew. The names Induline and Xigrosine 
are used interchangeably; e.g., Induline Ba^se RM is practically identical 
with Xigrosine Base GF Xew, and Induline Base XF is a mixture of 
Xigrosine Base C and Fast Blue Base R.^ 

The main use of Indulines and Xigrosines is for coloring waxes, boot 
polishes and printing inks, recpiiring cheap dyes soluble in oil bases. 
The spirit-soluble Indulines and Xigrosines are used for staining wood 
and coloring lacipiers. Indulines dissolved in acetin (.\cetiu Blue) have 
been used in calico printing, and the Indulines yield shades of moderate 
fastness as ba^sic dyes on silk and tannin-mordanted cotton. The water- 
soluble derivatives find some use in dyeing, especially leather dyeing. 
The annual production of X^igrosines in the United States is over four 
million pounds. 
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The Nigrosine and Induline type of dye is improved in the direction 
of making the unsulfonated dye more soluble in lacquer solvents, such as 
butyl alcohol, or in plasticizers, by using p-anisidine, p-ph(Mietidine, or 
alkoxydiphenylamine in the manufacture in place of aniline or diphenyl- 
amine, or by heating the ordinary spirit-solulde Nigrosine or Induline 
with p-phenetidine.*’'* 


Aniline I^lai^k 

Discovered by Lightfoot (1860 -1803), the Aniline Black process of 
oxidizing aniline oil on the fiber has remained a very important method 
for the production of deep fast blacks on cotton, especially in calico 
printing. It is also prepared in substance for use as a pigment. In its 
fastness to light and chlorine, Aniline Black is comparable to the much 
more expensive vat blacks; Sulfur Black is easier to apply, is cheaper 
than Aniline Black and is equally fast to light; but Sulfur Black has the 
serious disadvantage of very poor fastness to chlorine and the danger of 
^tendering on storage. The drawbacks of Aniline J^lack are the need 
tha plant, the care required in handling the process, and the fact 

. it under the conditions of acid oxidation some tendering of the fiber is 
^^?^"|table. By skilful control, however, the tendering may be mitii- 
and unlike Sulfur Black in which the dyeing process is completely 
^^^l^ious, but progressive deterioration of the fiber can take place 
be imr ^ degradation of cellulose occurs during dyeing and ma}’^ 

^ nediately detected. Since an in.soluble coloring matter is formed 
obt.^1® fiber, as in azoic dyeing, good fastness to rubbing can only bo 
^^^^lincd under the. right conditions of dyeing and aftertreatment. 
^ le Aniline Blacks turn green on exposure to a reducing atmosphere 
sulfur dioxide); this is due to incomplete oxidation, and “ungreen- 
blacks” can be produced by ensuring that the oxidation proceeds to 
^'Jmpletion. On the other hand, over-oxidation hauls to bronzinoss in 
/ne black shades, apart from the danger of damage to the filler. 

Based on the common principle of oxidizing aniline to a complex 
azine by means of an oxidizing agent, mineral acid and an oxygen carrier, 
numerous processes for dyeing and printing Aniline Black are available, 
and these may be classified in accordance with the oxidation (*atalyst 
employed (e.g., vanadium black) or the treatment (dyed, aged, and 
steam blacks). 

Aniline Black is applied by three main processes, pf which there are 
various minor modifications. (1) The simplest, but least satisfactory 
since the blacks are grecnable and the fastness to chlorine and to rubbing 

” Geigy, BP 467,085. 

Geigy, BP 467,093. 
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is poor, is the single-bath process, used for yarn dyeing (‘^iyed blacks*')- 
To a solution of dichromate, a solution of aniline, hydrochloric acid and 
sulfuric acid is added immediately before the dyeing is to commence; 
copper sulfate or iron acetate may also be added. After working in the 
cold, the temperature is raised to about 70° (or to the boil if redder shades 
arc required); the yarn is then wa.shed free from acid and soaped. (2) 
The ‘^aged black” process is the mo.st important for cotton dyeing, and 
gives the maximum all-round fastne.ss. The dyebath consists of aniline 
oil, aniline hydrochloride, sodium chlorate, ammonium chloride (as an 
acid-producing agent), aluminum acetate, and a copper or vanadium 
salt as oxygen carrier. An essential feature of the process is that wooden 
or earthenware vessels must be employed. Piece good.s are impregnated 
in a padding machine; the cloth is then dried and given a short passage 
through an ager at GO 70° when oxidation takes place by the action of 
hot humid air. The cloth is chromed, if necessary for completing the 
oxidation, and soaped. (3) The '\steam black” or ^‘prussialc black” 
process is used for calico printing. The usual oxidizing agent is .sodium 
chL.^rai;c \>ith potassium fcrrocyanido as oxygen carrier. The dyed or 
printed material is dried and steamed in a rapid ager for a few minutes. 
Afterchroraing is necessary to complete ihe oxidation. 

The addition of /^-aminodiphenylamine (MLB, 1892) or small amounts 
of p-phenylenediamine or p-aminophenol (Green, 1908) is a device for 
producing ungrcenable blacks; in Green's proce.^^s the padding li(iuor 
does not contain an oxidizing agent, air-oxidalion during ageing and after- 
chroming being sufficient for complete oxidation. These modifications 
however are no longer in vogue. 

Aniline Black and similar blacks prepared in substance are useful as 
pigments. Pigment Black extra (IG) is i)repared by oxidizing aniline 
and crude xylidine in hydrochloric acid solution with sodium dichromate 
in presence of copper sulfate. The pigment contains chromium and 
copper; after removal of the metals by means of dilute sulfuric acid, the 
product is marketed as Pigment Black cone. Other brands are made by 
using aniline alone, aniline in admixture with otoluidinc, etc.^ 

The chemistry of Aniline Black has been examined by Willst jitter** 
and Green.*- There are three di.stinct stages in the oxidation of aniline; 
(1) formation of thi? green Emeraldine, which is the hydrochloride of a 
blue amine; (2) conversion of Emeraldine to the blue Xigraniline, which 
can revert to the green Emeraldine by reduction; and (3) final oxidation 
of Nigraniline to an ungrecnable black: 

Willstiitter ci al., Her. 40 , 2065 (1907); 42 , 2147, 41 18 (1909). 

•• Green et a/., J. Soc. Dyers Colourists 29 , 105 (1913). 
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Aniline 



Colorless leucoemeraldine 



Violet Protocmeraldine (yellowish green as salt) 



Blue Emeraldine (green as salt) 



Dark Blue Nigranilinc 



Greenable Black Pemigranilinc 



Cla™ 

Ungreenable Aniline Black 
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Elementary analysis of Aniline IMack eorresponds to the empirical 
formula (C 6 H 5 N)^, and vigorous reduction yields 4,4'-diaminodiphenyl- 
amine. Willstiittcr found that Pernigraniline or greenahle black (one 
mole) can be oxidized to fpjinone (7 moles), and hydrolyzed by acid to 
ammonia (one mole), thus confirming the; proposed polyindamine struc- 
ture and the chain length. The monosubstituted benzene ring at one end 
of the chain is not oxidized to quinone under the conditioiis cmploj^ed. 
(^reen supported his structure for ungreenable Aniline Black by showing 
that it can be obtained from lYTiiigraniline, prepared in the cold, by 
further treatment with aniline salt and chromic acid; using p-bromo- 
aniline, it was also shown that the conversion of Pernigraniline to Aniline 
Black involves the addition of three aniline residues. 

NATrUALLV OrrM URIXO AziNLS 

Tin? l)right yellow AspergilUc add, an antibiotic* prodiic(.»d by the 
mold Aspergillas flnvus^ is a l-hydroxy-3,0-dialkyl-2-pyraz(me.'*® Among 
the pigments produced by liacteria are azine derivatives, such as the blue 
PyocyMniuo, a product of Badllit.^ ppoajnnrus; it has been shown from the 



paramagnetism of the perchlorate and otheu* prop(‘rties that the leuco 
derivative exists in aqueous sohition as the semiciuinone ion (I).®^ P3’o- 

cyanine has been synthesized from pyrogallol mononu'thyl ether and 
o-phenyleuediamine.'*" Chlororaphine, the green pigment of Bacillus 
chlororapliis, has a quinhydrone structure, being formed synthetically b}^ 
t he addition of phenazine-a-carboxylamide t o dihy drophenazine-a- 
carboxylamide.^® lodinin, the purple pigment of Chromohacterium 

Dutchcr and WinterstiMiier, ./. Hiol. ('hem. 166 , 359 (1944). 

** Kuhn and Schon, Her. 68 , 1537 (1935). 

Surrey, Org. Syntheses 26 , 89; Wrodc and St rack, Her. 62 , 20.53 (1929). 

Kogl el of., Ann, 497 , 265 (1932). 
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Chlororaphirio 


0 



iodinum, is the bis-iV-oxide of a dihydroxy pheiiazine ; it resembles 
Alizarin in its absorption spectrum, but chemi(^al evidence indicates that 
the two hydroxyl groups are in the IjO-positioiis.'^' 

Riboflav in (vitamin Bo) i« a quinoxaline derivative, and is typical of 
the water-soluble, fluorescent yellow pigments (lyochromes) occurring in 
green leaves, milk and other natural products. It can l)e synthesized 


Me 

Me 



ClU-{CllOU)iClhOR H 
NH OC'"'^''CO 

+ I I 

N=N— Ph H.C\ -Ml 

CO 


roflux. 5 lii^ 


Kibotiavin 


Cl I, OH 
I 


llOCH 

HOCH 


+ PhXH. 
+ 1C.0 



by a method similar to one of the general azine syntheses (cf. Induline 
Scarlet). 4-Ribitylamino-o-henzeneazo-o-xylene reacts with barbituric 
acid, undergoing reduction to the o-phenylene diamine derivative, while 
barbituric acid is oxidized to alloxan, and the two products then condense 
to form Riboflavin.’*** 


OXA ZINKS 

The oxazines*'^ belong to three dyeing classes: basic, chrome mordant 
and direct cotton colors. The shades arc mainly blue. I'he basic dyes 
of the series are useful in calico printing for colored discharges on azo dye 
grounds, since the oxazines are reduced by alkaline hydrosulfite to leuco 
compounds from which the dyes are regenerated by oxidation. Oxazine 
dyes are destroyed by oxidizing agents such as chlorates, and can there- 

»^Cleino and Mcllwain, JCS 479 (1938); Mcllwain, ibid. 322 (1943); Clcino and 
Daglish, JCS 1481 (I960). 

** Tishler et al., JACS 69, 1487 (1947); sec also Bcrgol, Cohen and Wynne, BP 550,836. 
See Coffey in Thorpe's Dictionary of Applied Chemistry, 4th cd,, Vol. IX, Ix)ng- 
mans, Ixiudon, p. 140. 
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fore be used for white discharge effects. The chrome mordant dyes 
(Gallocyanine class), which are valuable for both cotton and wool, and 
the light-fast direct cotton dyes (some of the Sirius Supra Blues and 
Violets) are much more important than the basic oxazines. 

Aleldola (1879) discovered the first oxazine dye, Meldola’s Blue, pre- 
pared by heating j3-naphthol (2 moles) with excess of p-nitrosodimethyl- 
aniline hydrochloride (I) (3 moles); the third mole acts as oxidizing agent 
for converting the intermediate indophenol (II) into the oxazine. 



p-Aininodimothyhiniline is a recoverable by-product. Oxidation may be 
accelerated and the yi<d(l improved by blowing air through the reaction 
mixture. 'Fhe ziiK^ chloride double salt is prepared by adding a mixture 
of nitrosodiinethylaniliiie hydrochloride, zinc chloride and alcohol to an 
alcoholic solution of /1-naphthol under carefully controlled conditions, 
and keeping at tlie boil for a few minutesA Meldola\s Blue (Cl 909) 
(Xew Blue H) (Fast New Blue 3U, Kb which is the zinc chloride double 
salt) was valued at one lime as a substitute for imligo in dyeing and calico 
printing, and as a cheap, bright basic d 3 ’e for topping vat blues; but it has 
little interest now for such purposes bec'ause of the poor fastness of the 
shades to light and alkali. It is still largely used, however, for dj^eing 
leather, and to a limited extent in calico printing for discharge effects. 
The dry dj^estulf attacks the mucous membrane. ]Meldola’s Blue con- 
denses readily with bases such as p-aminodimethylaniline in the 4-position 
of the naphthalene residue; thus when a larger excess of (I) is emploj^ed 
in the Meldola's Blue synthe.sis under more prolonged conditions of 




Now Uhie H 
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Xew Fast Blue F 
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treatment, the product is New Blue B (Cl 910), \vhi(jh dyes a bluer shade 
than Meldola’s Blue and is faster to light. Dimcthylaminc reacts 



similarly with Mcddola’s Blue, yielding New Methylene Blue (l(i (("I 
911). Meldola's Blue can also condense with secondary alcohols; with 
Michler’s hydrol the product is New Fast Blue F. These interesting 
reactions have not led to commercially valuable dyes. Nile Blue A, 
made by condensing a-naphlhylamine with 3-hy(lroxy-4-nitroso(liethyl- 
aniline, is useful as a microscopic stain; the amino group is readily 
hj^drolyzable and as a result of the formation of a phonoxazone neutral 
fat is stained red while nitrogenous matter is stained blue. The analogs 
from A-ethyl- and *V-benzyl-a-naphthylamine are Nih' Blue BX*‘ and 
Nile Blue 2B (Cl 914). These basic dyes are of .some interc.st in dyeing 
and printing for the brightness of the shades. By partial hydroly.sis of 
such naphthophenoxazines, other dyes have been prepared for special use 
as stains in cytological work. Certain oxazira^s (e.g., Nile Blue 2B) stain 
and inhibit the growth of cancer cells.** “ 

Blue to black dyes, suitable for dyeing cellulase acetate rayon, are 
obtained by condensing y;-nitrosodimcthyl- or di(4hylaniline hydro- 
chloride with 1,5-dihydroxy naphthalene in ar|ueous alcoholic solution 
containing at lea.st 30% water, preferably with the addition of manganese 
dioxide as catalyst. The presence of water is essential; otherwise gray 
dyes are produced.^" 

While the first oxazinc dye was a naphthophenoxazine, phenoxazines 
were made a little later, and .some were found to be brighter and faster 
dyes than the naphthalene derivatives. Phenoxazine (m.p. 15()°), the 
parent compound of the scries, can be prepared by heating o-aminophenol 
or its hydrochloride with catechol at 200°.^* The Capri Blues (Bender, 
1890) (L; Cl 870), made from p-nilrosodialkylanilincs and dialkylamino- 
p-cresol, are basic dyes which give brilliant blue shades with moderate 
fastness to washing; on acetate silk they exhibit good fastness to light. 
Brilliant C.Tesyi Blue BB (Cl 877), a similar dye usifed formerly in calico 
printing for tannin discharge effects and as a cellulose acetate dye, is 

w- Sloviter, J ACS 71, (1949). 

Bedford, BP 428,143. 

Bernthson, 1887; Kehrinann and NViJ, Ber. 47, 3107 (1914). 
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prepared by c.oiideiiHing 2HlieihyIamino-5-iiitro.s<)-p-creKol with 7 >-phenyl- 
enediamine. I^hoduline Pure Blue 3G is prepared by nitrosating diethyl- 
m-phenetidiiie, and condensing with m-diethylaminophenol. A purer 



form of the dye, nearly frecj from sail, is marketed as Zapon Fast Jiluc 30, 
for coloring lacquer.* 

"rho Meldola rea<.*tion pnxwds so readily that oxazine dyes may be 
prepared on the fiber. 'Fhus by printing cotton with a thickened mixture 
of resorcinol, (1), oxalic; acid and tannin, and steaming. Xitroso Blue is 
formed and simultaneously fixed by the mordanting action of the tannin. 

The most important dyes of the oxazine class are the Oallocyanines. 
(lallocyanine (Koechlin, 1881; CT 883) is made in 9o% yield by boiling a 
methanol solution of gallic acid and excess of (I); for some reason, which 
is still not understood, ethanol cannot replace methanol as a solvent for the 
reaction, (lallocyanine BS is the bisulfite compound, (.lallocyanine 
dyes violent on chrome mordant; since it possesses both basic and mordant 
dyeing properties, it is l)est tixed by using a combination of tannic acid 
and metallic salts as mordant. ].)yes of tliis type are valuable in calico 
printing, and are generally applied in conjunction with tannin and 
chromium acetate. They are also useful in \\cx)l dyeing, although the 
deep, bright l)lue shades on chrome mordant have only moderate fast- 
ness. For wool dyeing, (lallocyanine may bo used as the sulfonic acid 
of the Icuco compound: (lallocyanine MS (CT 88o) is obtained by sulfona- 
tion of leucogallocyaniiie, and Brilliant Oallocyanine (Chromocyanine V; 
Cl 888) by heating (.lallocyanine with aqueous sodium bisulfite in an 
autoclave. 

The methyl ester of (udlocyanine, prepared from methyl gallato, is a 
bluish violet dye, Prune, used in printing for chlorate discharges. The 
(falloeyai\ine derivative prcpareil from gallamide is marketed as the 
soluble bisulfite compound, (^tallamine Blue (DTI; CT 894). The gall- 
auilide analog is (nillanil Violet ((T 890). The more soluble louco com- 
pounds are often more convenient to use in calico printing. The Modern 
(DH) colors were specially produced for this purpose, and they are largely 
used in calico printing with a chromium mordant, specially for chlorate 
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discharges. Modem Violet (DH) was prepared by reducing Gallaminc 
Blue with sodium sulfide and acid. When steam is passed through a 
solution of leucogallocyanine and sodium sulfate, the carboxyl group is 
eliminated, and the hydrochloride, which can be salted out, is Modern 
Violet N (de la Harpe, 1907; Cl 881). Modem Heliotrope Dll (Cl 882) 
is prepared by eoudeiiaing gallamide with 5-nitroso-*V-meth.vl-o-toluidine, 


-OOC 




HO' 



^0^ 

HO ^ 

Gallocyanine 


NMe, 


MeOOC 
HO 
HO 


H.NOC H _ 

XrXi 

HO ^ . 


ax)- 

HO ^ 


Modern Azurino DH 

NHMe. HCI 


Modern Heliotrope DH 


and recluoinft the product to the It^uco compound (Vlo^line Mine B is 
made from p-iiitrosodie<hyluiiiliiie and j»allamide. and M(‘ta (Vlestine 
Blue is the homolog irom nitrosodiethyl-w-toluidiiu* * The Modern 
Blues (CT 88()j arc obtained by the action of formaldehyde on Gallo- 
cyanines, treatment with water or a<*id at 100 200 \ and reduction to the 
leuco compounds (Jyaiiazurine (Cl 887) is the reduction product of 
arylaled (jrallocyanines. Modern Azurine DII (CM 890) gives bright blue 
shades on chrome-mordanted fabrics; it is prepar(‘d by a comph'v reaction 
in which the anilide of (Jallocyanine is heated vAith alcoholic* hydrochloric 
acid and then reduced. If air is blown through a mixture ot hot aniline 
and (lallocyanine hydrochloride, the carboxyl group is replaced by the 
aiiilino group, and when the product is sulfonated, the ammonium salt 
is the acid-mordant wool color, Delphiiie Blue B ((T 878) It can also 



hO,NH4 


Delphine Blue Cliromazurmc E or G 

be used as a chrome-printing color for cotton. When the aniline con- 
densation is carried out in the cold, the anilino group enters the free posi- 
tion adjacent to the carboxyl group; the carboxyl group may then be 
removed by heating the product to 100°, and sulfoitation with fuming 
sulfuric acid gives Ghr4)mazurinc E or G (DH; CT 879). This is a more 
useful dye than Delphine Blue, giving on chrome-mordanted wool and as a 
chrome-printing color on cotton bright blue shades similar to Methylene 
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Blue. Gallanil Blue (Cl 897) is produced by treating Gallanil Violet 
with aniline. 

Gallocyanine and its derivatives condense with resorcinol, as with 
aniline, by replacement of the carboxyl group or by attachment to the 
adjacent position, depending on conditions. I'he Phenocyanines (III 
and IV ; Cl 902), which give indigo-blue shades on a (chrome mordant, are 



prepared by acid condensation, and I’ltracvanine B ((’I 901; by alkaline 
condensation. 

Alizarin Green G ((d 917) dye.s bluish green nii chrome-mordanted 
wool, and is prepared by boiling an aqueous alkaline solution of 1,2-naph- 
thoquinonc-4-sulfonic acid and l-ainino-2-naphthol-()-sulfonic acid. 

Dyes of the (iailocyanine series containing aminoethanesulfonic acid 
and aminopropanesulfonic acid groups have been patented. These are 
obtained in the customary manner by conden.sing, for instance, p-nitroso- 
phenylethyltaurine with gallic acid or gallainide.^- and the dyes are said 
to be suitable for printing, which is the main use for the Gallocyanine 
dyes. The diarylaminobenzociuiiKMies obtained by condensing chloranil 
with amines can be cyclizcd to oxaziiies by oxriation: but when deriva- 
tives of an o-aminophonol are u.sed, ring elosun» to the oxazine occurs by 
elimination of water. Normally, n-aminophenols will not give oxazincs 
unless they contain iiiiro groups. If 4-nitro-2-aminophe!iol-()-sulfonic 
acid is condensed with chloranil and cyclized in sulfuric acid, the product 
(V) (lyes eotton in brownish orange shades. From 5-nit ro-2-aminophenol 
(1 mole) and (diloranil (I mole), the (‘ompound (VI) can be obtained.*-^ 



(V) 


lO, BP 417,875; 43(>,09(i. 
TO, TTP 41 1,1.32. 


(VI) 



780 


AZINKS, OXAZINKS, TIIIAZINK.S 



The new quinone vat dyv» of the type of (VI I) eontaining a sulfonamido 
group dye reddish to greenish blue, and arc said to be particularly suitable 
for machine dyeing.^^ 

o-Alkox}' derivatives of dianilinobenzo(|uinones cyclize to oxazin(*s by 
loss of alcohol when heated with benzoyl chloride. Thus dianisidine 
gives a red dye which, after sulfonation, dyes cotton direct . This met hod 
of synthesis is said to give particularly pure products. l,3-l)initro- 
phenoxazine (golden orange) and 1 ,3-dinitroph(Miothiazine (golden 
brown) are applicable to cellulose acetate. 

DiuI'XT (Cotton Colors of tiik 1)iox\zink Sluiks 

A r(»(!ent and very important development in the oxaziiu* series 
(Krilnzlein, Greune and Thiele, 1928) is the preparation of direct cotton 
colors with excellent fastness to light. Brilliant blue dyes, which arc 
dioxazines, are obtained by condensing suitable polycyclic amines with 
chloranil, and sulfonating the products.*® Thus Sirius Supra Blue 
FFR or FFKL (formerly Sirius Brilliant Blue HL)‘*^® is prepared by the 
condensation of two moles of 3-amino-A^-ethyl-cjvtbazole (\ III) with 
one mole of chloranil, cyclization of the intermediate di-imine (IX) to the 
dioxazine (Pigment Fast Violet R Base) l)y means of Ixuizem^sulfonyl 
chloride, and sulfonation to the tri- or disulfonic acid. The dye is the so- 
dium salt. It is necessary to use pure iron-free sulfuric acad for the sulfo- 
nation and control the reaction carefully to avoid redder and duller shades. 
The annual TG production of Sirius Supra Blue FFRl., which has light 
fastness 7, was 35000 kg.^'' Sirius Light Blue FFGL is also made by 
the condensation of (\TII) and chloranil, but in pyridine solution. The 
amine (200 kg.), chloranil (137 kg.) and pyridine (2000 kg.) arc stirred 
for one hour periods at 0°, 15° and 80°. On slow cooling to 20°, the 
product is filtered, washed and dried at 40-45°. This temperature 

IG, 8P 399,583. 

Brunner and Thieas, HP 410,887. 

Olpin and Law, USP 2,464,885. 

For details of preparation, see BIOS 960, 

MLB, BP 8880 (1912); JG, BP 313,094. 

«FMri313III. 

The Sirius Supra Jtlues are also known as Sirius Brilliant Blues and Sirius Light 

Blues. 
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should not be exceeded as the condensate (224 kg.) contains pyridine of 
crystallization (pyridine content 19-20%) which is necessary for the 
next stage. Ring closure and sulfonation are simultaneously effected by 
heating this product with 20 times its weight of 99.8% sulfuric acid at 
95'"100° for 0 7 hours. After addition to crushed ice, the sulfonic acid is 
filtered off; the product is washed willi brine, dissolved in sodium car- 
bonate solution and salted out. The commercial dye contains 41.5% of 
the pure color, shaded with Sirius Supra (Ireen BR, and standardized with 
common salt, sodium acetate and Igepon T. Sirius Light Blue F3RL, 
the dioxazine dyc *'^ from 3-aminocarbiJZoIe and (‘hloranil, appears to have 
been supeisedwl by Sirius Light Blue FFliL, the A^-tdhyl deriv^ative. 
WheJi chloranil is condensed with 3-aminocarbazole in chlorophcnol 
solution and the cyclization is effected in concentrated sulfuric acid, the 
product is Sirius Brilliant Violet F3BL. 

Sirius Light Blue F3(iL utilizes l-aininopynnK? (X) and chloranil. 
Pyrene in the form of a 40% acjueous paste is nitrated with 22% nitric 
acid (four times the weight of dry pyrene) at 40 45° for 8 hours. The 
strength of the nitric acid is critical, and all contamination with iron must 




be avoided. The yellow-brown nitropyrene, m.p. 148 150°, is reduced 
to the amine by means of sodium hydrosulfide (about an equal weight) 
in boiling aciueous ethanol during 7 hours. On diluting and (!Ooling, 
1-aminopyrcne, m.p. 110 117°, crystallizes out. The condensation of 
(X) and chloranil is effected in o-c4ilorophenol-ethanol solution in presence 
of sodium acetate at 0 25° during 20 hours. The product Pyranil ”) is 
collected, dried at 100°, and purified by reduction with phenylhydrazine 
in boiling chlorobenzene to the Icuco compound, which is filtered off on 
cooling, and n*oxidized to pyranil by heating with nitrobenzene at 190° 
for about an hour. The fine hair-like crystalline brown substance, m.p. 
331-332°, is collected, after steam-distilling the nitrobenzene, dried, and 
cyclized to ‘‘Pyroxazinc” by means of p-tohienesulfonyl chloride in 
a-chloronaphthalene at 200°. In view of the danger of decomposition 

BIOS 1482 . 
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at this high temperature in a hatch process, a special continuous method 
is employed, with a diphenyl oxide heating bath. The water from the 
reaction is boiled off continuously. Pyroxazine is then filtered off on a 
iiutsche, dried and sulfonated by treating with about fifteen times its 
weight of monohydrate at 20^ during 30 -40 hours. The sodium salt is 
finally isolated in the usual manner. In the constitution given for 
Sirius Light Blue F3CjiL, the positions of tlie sulfonic groups are the 
probable ones. A mixture of Sirius Light Blue F3(.JL and the yellow 
dye produced l)y hypochlorite oxidation of 2-p-aminophenyl-6-(*arboxy- 
benzothiazolo sulfonic acid is marketed as Sirius Light Green GGL or 
G(jr. Sirius Light Violet FFJt or FRL is prepared from chloranil and 
2-aminofluorene. 

Sirius Light Blue FF2GL is the dioxazino dye prepared from 4-amino- 
diphenylamine-2-sulfr)nic acid (100 parts) and chloranil (47 parts) heated 
with magnesium oxide (17.5 parts) at 00° ior (> hours; the ba.se is then 
sulfonated with 8.3% oleum at 50-55°.’^ '’^' Using 4-chloro-4'-amino- 
diphcnylamine-2'-sulfonic acid in this condensation, the prodin^t is Sirius 
Light Blue FFB (formerly FFBL), which dyes useful reddish blue shades 
(light fastness 5).^'^ 

The intense activity of I(r in the search for new dyes of the dioxazine 
series is an indication of the potential value of this type. Instead of 
introducing sulfonic groups into dioxazine dyes l)y condensing in sul- 
furic acid or by sulfonating the condensation products, sulfonated primary 
aromatic amines themselves may be used as stinting materials. By 
condensing sulfonated primary aromatic amines which contain more than 
two nuclei, e.g., 3-amino-9-ethylcarbaz()le.sulfonic acids, with chloranil in 
concentrated or fuming sulfuric lu id or chlorosnlfonic acid in the presence 
of o.xidizing agents, Idue oxazine dyes are oiitained. The yields are 
higher than those obtained by simultaneous condensation and sulfona- 
tion.*^^' Fast blue dyes are produced by condensing aminodiphenyl- 
aminesulfonic acids with chloranil.^' 

In a series of patents,'*- IG describe the preparation of dioxazine dyes 
from diarylamino- 7 )-benzo(]uinones or 2-arylamino-5-alkoxy-p-benzo- 
(piinones, as well as methods for making these intermediates. Thus 
halogenated 7 )-benzoquinones, an alcohol, and an acid-binding agent 
yield alkoxy-halogeno-p-benzociuinones, one halogen being replaced. 
These are condcnsecl with ammonia or primary amines, so that one more 
halogen is replaced, and the products can then be condensed again with a 
different amine to give unsyinmctrical diamino-p-benzoquinone deriva- 

IG, BP 447,899. 

IG, BP 448,182. 

IG, BP 509,890-1; 509,89;V, 509,898. 
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lives by replacement of the alkoxy group. A large variety of inter- 
mediates is mentioned. The dioxazine dyes may also be made from 
6-halogeno-2-arylamino-p-beuzoquinones and an arylamiiu* chosen to 
give an unsymmetrical diarylamino-p-benzo(iuinono, and the dyes or the 
intermediates may be sulfonated. Other 10 patents in this series relate 
to the condensation of diamines such as benzidine and diaminodiphenyl- 
urea with chloranil, followed by ring closure and sulfonation to give 
violet dyes having good affinity for cotton.'^* In the preparation of these 
dyes two moles of diamine are used to one mole of chloranil, so that the 
dyes arc probably sulfonic acids of compounds such as (XI). Since ring 
closure is elTected in presence of benzoyl chlori<le. they may be* benzoyl 


(M) 


derivatives. x\nothcr variation is to condense chloranil with p-phenyl- 
enediamine mono- or disulfonic acid (2 moles), or with naiihthylene- 
diaminesulfonic acids, and eyclize to blue and gray dy('s l^y con- 
densing benzo(iuinorie or chloranil with acylated <liaminobenzenes, 
e.g., monoacetyl-p-phenylenediamin(‘, bisacylamidoarylaminociuinones 
are obtained, which are then cyclized to give bluish-gray to violet dio\- 
azines. The iinsulfonated products ma\ be used for coloring ruliber or 
may be converted into water-soluble dyes by sulfonation. 

Dioxazine dyes containing azo groups are obtaine<l by condensing 
p-benzo(iuinone or chloranil with an aminoazo compound and sulfonat- 
ing. The shades vary from bluish-green to violet and the dyes an* stated 
to be distinguished by their affinity for vegetable fibers and good fastness 
properties. As suitable aminoazo compounds, aminoazobenzene, amino- 
azonaphthalenc, and benzeneazoaminocarbazole arc mentioned.^' 

When A -benzoyl and other A"-acyl derivatives of carbazole and 
diphenylaminc arc used for the chloranil con<lensation, the sulfonated 
dyes dye wool, silk, cotton, visco.se, and paper in violet-blue shades.*'* 
Amino derivatives of trinuclear cyclic compounds but not containing 
nitrogen as part of the ring system, e.g. 2-aminodiphcnylciie oxide, may 
be condensed with p-benzoqiiinone or its derivatives |to give violet 

” Ficrz-David, Brassel, and Probst, Hrlv, Chim, Acta 22, 1.3 48 (1939). 

SP 169,958-60. 

IG, BP 457,555. 

” 10, BP 427,977. 

6^ IG, BP 452,033 

w IG, BP 41.5,749; SP 167,401 4. 170,343 6. 
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pigments, which on sulfoiiution yield dyes for wool, cotton, and viscose 
with good fastfiess to light. The calcium and barium salts of the sulfonic 
acids arc pigments. Aminoaiiilirio-bonzotriazoles or -pyrazoles have 
been used tor tlic chlorajul condensation to produce dyes which have 
affinity for both wool and cotton. 

Fast brown leather dyestuffs with good penetrating power are 
obtained by condensing two moles of a nitroarninodiphenylaminedisul* 
fonic acid with a /;-l)enzo(|uinone derivative in the presence of an oxidizing 
agent/'‘ these dyes may belong to the dioxazinc class, but their constitu- 
tion has not been investigated. 


Thi vzin ks 

1,4-Thiazinc (b.p. TO.o 77 which can exist in two forms (Ij and 
(II), was synthe.sized for the first time very reccmtly by the reduction of 
tliiodigl3'Colimide.^“ 1,4-Henzotliiazine (b.p. 23t) 238°) is prepared b\'' 


iicr 

II 


Clh HC 
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ClI lie 
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1,1-Thiiizhu* 


II 
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CII 
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CII 



1,4-Henz()tlimzine 


condensing o-aminothioplnuiol wUh a,^i-dibromoelhylene in presence of 
alcoholic alkali. Thiodiphenylainine (phenolhiazine), the parent sub- 
stance of the thiazine series, is made by l)aking tliphenylamine with 
sulfur at about ISO"' (with excess of aluminum chloride if desired), and 
is manufactured in large (piaiitities for u>c as a veterinaiy anthelmijithic. 

I.,auth\s \ iolet (Cd 9*20), tlu' ru>t dye.stujV of the thiazine class, was 
invpared by Lauth (I87(i) l)y oxidation oL p-phenylencdiamino and 
hydrogen sultide with ferrii! chloride in acid solution. This is a general 
reaction which may l)e used for the detection of p-diamines, as well as 
iiydrogen sulfide, l)ut it i.'^’ not a practicable proccs.s. Lauth’.s Violet 


IbX 



Lauth's violet 


“ ICr, HP 437,28;{. 

“ du Pont, U.SP 2, :m, 520-1 ; 2.:W0 ,«(h. 

•' IG, BP 453,50!). 

“ Harkenbus nnd Landis. JACS 70, 084 (1048). 

“* ITngnr, Her. 30, CO!) (1S!)7): Boilsloin. 4Hi fd- 27, p. 44. 
Vlngtor and OverUof, DP 01,157. 
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itself is obsolete as a dye. Methylene Blue, discovered soon after 
(Caro, 1876; Cl 922), is an important dye, first prepared from p-amino- 
dimethylaniline (III) in the same way as Lauth’s Violet. This was later 
replaced by Bcrnthsen's thiosulfate method, in which a mixture of 



+ H2O 


dimethylaniline, (III) and sodium thiosulfate was oxidized with sodium 
dichromate and hydrochloric acid in the pn\sence of zinc (diloride. 
Better yields were obtained by the addition of aluminum sulfale, since 
aluminum thiosulfate dissociated readily and was a more elTective aj;ent 
than sodium thiosulfate for the thiosulfonation of (III) to (IV). The 
usual procedure is to treat dimethylaniline with sulfuric acid and sodium 
nitrite; reduce the nitroso compound to (III) by the addition of water 
and iron; filter off iron oxide sludge; convert (III) into the thio acid (IV) 
by treatment with sulfuric acid, dichromate and sodium thiosulfate at 
— l-S®; oxidize to the indamine (V) by adding dimethylaniline, sulfuric 
acid, dichromate and copper sulfate and heating to about 90°; finally 
convert the indamine into Methylene Blue by the addition of hydrochloric 
acid and zinc chloride to the blue solution at 45°, and salt out tlie clye.* 

Both the Lauth and Bernthsen processes involve thionation and 
oxidation; the usual thionation process with sodium sulfide and sulfur 
employed in the preparation of the sulfide dyes also leads to the formation 
of thiazine rings when the intermediate is an indamine or indophenol, but 
the Methylene Blue type of thiazine dye is grouped separately from the 
sulfide dyes, and in the same class as azine and oxazine dyes to which 
they are allied in their constitution and dyeing properties. The Bernth- 
sen synthesis is a general reaction applicable to other mixtures of mon- 
amines and p-diamincs, leading to a series of blue bfisic dyes. Sulfona- 
tion of the residue obtained in the preparation of MethyleTie Blue is 
stated to yield a useful acid dyc.®^ 

Methylene Blue is marketed as the zinc chloride double salt for 
dyeing, and as the zinc-free hydrochloride for calico printing. A hydro- 
PodkietDOV, RP 66,442. 
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ohloride of 99.7 % purity can be obtained by treatment of the commercial 
zinc chloride double salt with sodium carbonate, crystallizing from 
dilute hydrochloric acid, and recrystallizing from alcohol. Because of 
the brightness and purity of the shades, Methylene JMuc is extensively 
used for dyeing and printing cotton on tannin or the Katanol type of 
mordant, and to a minor extent for dyeing silk, in spite of the low light 
fastness cliara(?tcristic of the basic d 3 '’cs as a class. Methylene Blue lakes 
are valuable in the nontextile coloring industries. The dye has no 
affinity for unmordanted cotton; but ox^'cellulose and cellulose containing 
mineral matter or combined acid arc stained by the dye, and Methylene 
Blue absorption under standard conditions is useful for detecting and 
estimating modification in cellulose. The choice of Methylene Jilue 
among the numerous basic dyes which exhibit similar behavior is based 
on the ease with which Methylene Blue may b(? prepared in a»ialytically 
pure form. Jt is an oxidation-reduction indicator, and may be (employed 
for instance in titarious chloride titrations, and in iodimetry in place of 
starch. Methylene JUue can be estimated directly by means of titanoiis 
chb>ride. Another metliod is to take advantage of its forming an 
insoluble dlchromate, which may be weighed; or volurnetricallj’’, by treat- 
ment with excess of potassium dichrornatc and determining the excess by 
means of potassium iodide-thiosulfate.®^ The insoluble perchlorate can 
also be utilized for gravimetric assay of Meth^dene l^hic.®* 

Methylene Blue is useful as a \ital slain, since it deeply colors certain 
parts of the living tissue, such as the peripheral nervous system, leaving 
other parts unstained. It is one of the common stains in bacteriological 
lechni(iuc for the examination of pathogenic organisms sindi as tubercular 
and cholera bacilli. Methylene Blue is a r(*agent for testing tubercular 
infection in milk; tubcrculin-te.sted milk iiot decolorize a standard 

aciueous solution of the dye within a statcul period. The dve was used 
at one time as an analgesic and a urinary i ntiseptic, and it still seems to 
find some use as an aiitiinalarial agimt, esp(‘cially in tertian and (piartan 
malaria. As a weak and slow-acting antiseptic, it is also useful for 
external appli(aition in skin diseases. 

The geiietical relationship nf thiodiphcnylamine to Methylene Blue is 
shown by an old synthesis due to Kehrmann; by the action of excess of 
bromine, the former is converted into 3,7-dibromophenothiazinium 



•« Fcrrcy, Quart. J. Pkarm. 16, 208 (1943^. 

Maurina and Doahl, J. dw. Phana. .-tssoc. 32, iiOl (1943). 



794 


AZINK», OXAZINKS, THIAZINGH 


bromide (VI), which on heating with dimethylamine gives Methylene 
Blue 08 the bromide. Thionol, made by oxidizing thiodiphcnylamine 
with hydrogen peroxide or ferric chloride in aqueous alcoholic hydro- 
chloric acid, is a useful redox indicator.** 




Cl- 


New Methylene Blue 


McaN 



The Methylene Blue aniilog using A’-monoethyl-r^-toluidiiio and its 
p-amiiio derivative is New Methylene Blue (Methylene Blue NX) 
(Weinberg, 1891) (B; Cl 927), whieh gives a rt'dder shade* with better 
fastness to light thaii Methylene Blue. When /^-aniinodiniethyhiniline- 
thiosulfonic acid is condensed with o-toluidine. the product is Toluidine 
Blue 0 (MLB; TC; CT 925). Methylene Blue MT (IC), formed by con- 


ci- 

Methylene Blue MT 


Mc,N 



NMc, 

O.X ^ ^ ci- 

Methyleno (Iroen 


densing p-aminodimcthylanilinethiosulfonic acid with methyl-e-tolui- 
dine,^ possesses exceptionally high solubility in cold water and is very 
suitable for producing hectograph inks. Its tinctoj’ial power is stated 
to be about 25% greater than that of the isomeric Mc'thylene Blue.®'^ 
If p-aminodimethylarniline is condensed with diethylaniline, the product 
is Methylene Blue 2AM (Thioninc Blue (JO) (TCI); according to C^T 920, 
Thionine Blue GO (MLB)was the analog from metliylethylaniline. 

When Methylene Blue is treated with nitrous and nitric acid, Methyl- 
ene Green, which is perhaps the fastest green basic dye, is obtained. 

Acid colors of the thiazinc series arc obtained by using amines con- 
taining a sulfonic group in the Bernthsen synthesis. Thus a mixture of 
p-sulfobenzylethylaniline and its p-amino derivative gives the blue acid 
dye, Thiocarmine 11 (CJI 928), which is no longer used. Brilliant Aliza- 



•* Granir.k and Michaelis, J ACS 69 , 2983 (1047), 
IG, BP 446,574. 
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ririe Blue (Heyinuiin, 1892) (By; Cl 931) is an acrid-mordant crolor 
obtained by condensing />-aminodimelhylanilinp thiosulfonic acid witli 
l,2-riaphthoquinone-6-sulfonic acid, riidochromogcn S is the diethyl 
homolog. These dye reddish bluf3 to greenish blue shades on chrome- 
mordanted wool, and are also useful in calico printing; the bright blue 
chrome lakes are dischargeable* by chlorate and yellow prussiate. 



Chaptkk XXVI 


BENZOPHENONE, BENZOQUINONE AND NAPHTHOQUINONE 

DYES 

Alizarin Yellow C (Xonrki ami Sieber, 1881) (B; Cl 1013), one of the 
earliest synthetic mordant dyes, was gallaceiophcnonc, obtained by 
heating p 3 Togallol with acetic acid and zinc chloride (the Nencki roa(*- 
tion).^ It gave a yellow on aluminum mordant with modorale fastness 
to all agencies except light. A similar dye was Alizarin Yellow A (BASF ; 
Cl 1014), gallobenzophenone, prepared by the action of benzotrichloride 
and zinc chloride on p.yrogalIol. Both tlu^se dyes had some' use in calico 
printing, but have now been displaced by the a/o mordant yellows. 

The hydroxy derivatives of benzoquinone possess mordant dyeing 
properties, but are not of (*ommercial value. When ;)-benzo(iuinone is 
treated with 7 >-chloroaniliue in water in prese^nce? of manganes(* acetate, 
the usual indirect (luiiionoid addition takes place and th(‘ product is the 
hydroquinone derivative (1). ()xidatio?i with hydrogen peroxide gives 
the corresponding (|uinone which is mixed with hydrosullite and marketed 
as a vat dye, Helindoue Yellow (XJ or (AI vat powder (AlLBj (Lesser, 
1910).“ Sulfurization of (1) gives brown and khakwlyes.’^ 

In the naphthalejie series, .Vaphthazarin (Brilliant Alizarin Black B) 
(Roussin, 18()1) (BASF; CM 1019), a dye of considerable importance at 
one time, can be prepared by heating a mixture of 1,.)- and 1,8-dinitro- 
naphthalene with fuming sulfuric acid and flowers of sulfur. It is 
obtained in 59% yield by dissolving 1, 5-dinit ronaphthalene (20 g.) in 
monohydrate (400 g.) and adding below t0° a solution of sulfur (7 g.) in 
66% oleum (120 g.); on pouring into ice after 30 minutes, filtering, and 
boiling the filtrate, Naphthazarin separatees and is purified by drying and 
subliming at 170“180° under reduced pressure.^ Xaphthazarin sublimes 
in brown needles with a green luster, whicli dissolve in acpieous caustic 
soda with a cornflower-blue color and in sulfuric acad with a magenta 
color. For a long time Naphthazarin was regarded as 5,6-dihydroxy- 

’ Badhwar and Venkataramnn, OSC.V II, p. 301. 

» BIOS 1493 . 

• See Chapter XXXVI. 

^ Fierz- David and Stockar, Ilelv. Chim. Arta 26 , 02 (1943); see also Bayer, DRP 

71 , 380 . 
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Naphthazarin 


HO OH 

NHPh 

HO OH 



Alizarin Black SRA 


l,4-iiaphtliotiuiiio!ip, Imt Dimroth and Hunk in ]92.> showed that it ia 
the 5,8-dihydroxy compound, siiKT' it contains two clielate groups, form- 
ing for instance a di-ester with boric acid, while tin? 5,f)-isomer would 
only give a mono-ester; further, it is not an e-dihydroxy compound since 
it does not form an azine with o-phenylenediamine.* ** » This has been con- 
firmed by the synthesis of Naphthazarin by condensing hydroquinonc 
with maleic anliydride in presence of aluminum chloride and sodium 
chloride.® From a studj’^ of the absorption spectra* and the crystal 
structure,® it has been shown that Naphthazarin has the indicated 
hydrogen bonded structure. Naphthazarin is insoluble in water, and 
was utilized as a dye only when the soluble bisulfite compound, Alizarin 
Black S (BASF, 1887), was prepared. It is used for dyeing wool on a 
chrome mordant, the black thus obtained being fast to washing and 
milling and particularly fast to aci<l. Keduction of Naphthazarin gives 
Alizarin Black WX (Bohn, 1900) tBASF;(d 1020), 1,^,5,8-tetrahydroxy- 
naphthalene, which dyt's wool and silk from an acetic acid bath, after- 
chromed to a level black, which has good all-round fastness. The 
bisulfite compound of this dy(‘, Brilliant Alizarin Black (BASF; Cl 1019), 
is water-soluble and it can be used with chromium acetate for gray to 
blue-black shades in calico printing. Naphthazarin, being a (luiiione, 
combines readily with amines and phenols, and other dyes are thus 
obtained. Alizarin Black SHA (Bohn, 1897) (BASF; Cl 1022) which is 
the 2-anilino derivative of Alizarin Black WX, and is obtaiiu^d by heating 
Naphthazarin with aniline hydrochloride in presence of boric acid, dj'es 
wool black on a chrome mordant, and the black is faster to chlorine than 
the Naphthazarin black. The similar compound from phenol is Alizarin 
Dark Green W (Bally, 1897) (B\SF: Cl 1023). which dyes chrome- 
mordanted wool gray-green to greenish black of good fastness. While 
these naphthoquinone derivatives are of little teehnieal importanee at 

* Dimroth and Ruck, Ann. 446, 12.’i (ia2r>). 

'Zahn and Ocluvat, Ann. 462, 72 (1928). 

^ Morton and Earlam, JCS 159 (1941). 

** Palacios and Salvia, Annies soc. vsp. jis \j quint. 32, 49 (1984). 
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the present time, many of the azo chrome dyes, by which they have been 
replaced, are converted into derivatives of 5-hydroxy- or 5,8-dihydroxy- 
1, 4-naphthoquinone by oxidation of the dyes on the fiber. The mono- 
sodium salt of chromotropic acid was marketed by Midi as Chromogen I 
(Kuzel, 1890) (MLB; Cl 1026) ; applied to wool and aftercdiromed, brown 
shades were produced owing to the formation of a chromium complex of 
8-hydroxy-l,4-naphthoquinone-3,()-disulfoni(; a(*id. 

The Naphthazarin melt has to be boiled with water to give Naphtha- 
zarin, and the intermediate product can be isolated,® and use<l for making 
other dyestuffs. Thus the acid color, Acid Alizarin Crey G (IG), is made 
by heating 1,5-dinitronaphthalene with sulfuric acid and sulfur at 105- 
108° for 12 hours, filtering off the sulfur, i)ouring the filtrate into ice, and 
salting out the product as the zinc chloride double salt. This is treated 
with aniline and aniline salt at room temperature for 3 hours, then heated 
for 6 hours at 90'“115°, and finally sulfonaled.’® Brominated naphiho- 
quinonimines can be prepared by treating the dinifronaphthalenes 
with sulfur, oleum, bromine and a trace of iodine. By condensing 
3,6-dibromo-5-amino-8-hydroxy-l,4-naphtho(iuinone-l-imin(‘ with aryl- 
amines, phenols or thiophcnols, products useful as dyes or dye inttii- 
mediates are obtained,’®^ 

Naphthazarin derivatives have recently been suggested as c(dlulose 
acetate dyes. Celliton Fast Green 3B, one of the IG range of cellulose 
acetate dyes, is the condensation product of y^aminoplienyl benzyl ether 
and 5-amino-8-hydroxy-l,4-naphtho(iuinonediiinine. Jl'lie latter is pre- 
pared by heating 1,5-dinitronaphthalene with oleum and sulfur at 15 45°, 
filtering off sulfur, and precipitating the base by neutralization. The 
reactive 5,8-dihydroxj’'-1 ,4-uaphthoquinonc or its substituted derivatives 
may be condensed with amines of the type Xll.j (Cll.j),--X, where 
X = furyl or tetrahydrofuryl attached to CTTo at j)osition 2; this intro^ 
duces the amine at the 2-position in Naphthazarin and also at 5 or 8 or 
both, the resulting products being dyes for cellulose aci*tate, of shades 
varying from bluish-red to bluish-green.** The phosf)horic esters of 
5-hydroxy-l ,4-naphthoquinoncs carrying hydroxyalkylamino groups at 
positions 2 and 8 are cellulose acetate dyes.**" 


RIOH 987. 

Sandoz, BP 006,008; 029,700. 

Sandoz and May, BP 01)i,070; 633,0013. 

J5/08 1484. 

** Dickey, McNally, and Eastman Kodak, UHP 2,275,741. 
Eastman Kodak, USP 2,301,382. 
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Naturally Occurring Derivatives*- *^ 


Many benzoquinonc and naphthoquinone derivatives occur in nature, 
and sev’^cral of them exhibit interesting antibiotic and physiological 
properties, which may possil)ly be connected with their reversible reduc- 
tion-oxidation systems. 2,r)-Diinethoxybenzo(juinone has been isolated 
from Herba adonis venialis and synthcisized by the oxidation of pyrogallol 
trimethyl ether with nitric acid and clhanol.*’ Kml)elin, the bright 
yellow active principle of the berries of Kmhclia nbrs^ is used as a remedy 
for tape worms; it has been synthesized by the interaclion of ‘2,r)-dihy- 
droxybenzoquinone and dilauroyl peroxide. * ’ The alkylation of (luinones 


O 



KinMin 


O 



0 

Polyporic acid 




HO 


OH 



OH 


HO 


0 

Atromentin 


with a diacyl peroxide (e.g., ('-nicthylatiou with acetyl peroxide) or a 
lead tetraacylate (replaceable by a fatty acid, red lead and a promoter 
such as malonic acid or methanol) is a valuable general reaction which 
has been applied with great success to synthesis in the naphtho(iuinone 
series (Fieser, 1942). The tridecyl homolog*^’^^ of ernbelin occurs as the 
pigment rapanone in the bark of Rapanea maximoiviczii. The orange- 
red coloring matter, maesaquinone, in the fruits of Maesa japonica is 
apparently tin* homolog. Perezone, isolated from the roots of 
Mexican species of J^crezonia, is a 2-hydroxy-3-ineth\i-l,4-benzoquinone 
with an alkenjd chain ( CHeClIA'II C'Me 2 ) in the O-position.*- 

Kogl has isolated several benzoquinones derived from terphenyl from 
mushrooms, e.g., polyporic acid, atromentin and muscarufin. Fungi of 
the Thelephora species contain the reddish black thelephoric acid, the 
constitution of which has been shown by Kdgl to be a 1,4,7-trihydroxy- 
phenanthraquinone-O-carboxylic acid with a diene acid chain ( -CIF CH 
— CH-ClI-'-CX^OH) in the 2-position.*- 

Among the metabolic products of moulds many benzo(iuinone deriva- 

For Refs, see Rof. 1, Chapter XXIV. 

For ii detailed accoimt of bonzoquinonos and naphthoqiiinoiios, including the 
naturally occurring tlerivalives, see Fieser and Fieser, Organic Chcinisliy, Heath, 
Boston, 1950. 

Fieser and Chainherlain, JACS 70, 71 (1948). 

Asano and Yainaguti, Pharm. Sor. Japan 60, 585 (1940). 
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tives have been encountered. The maroon colored fumigatin (from 
Aspergillus fumigatus), the nearly black spinulosin (from Penicillium 
spinulosum) and the red phocnicin (from Penicillium phoeniceum) are 
examples. 




O 


Spinulosiii 


The simplest luiphthoqiiinoncs isolated from nature are lawsone, the 
coloring matter of henna, and juglone found as the dihydro compound 
(1,4,5-trihydroxynaphthalene) in the green parts of the walnut tree 
{J uglans regia).^' Juglone (5-hydroxy-l,4-naplithofiuinone) is a power- 
ful fungicide,^® and its use in the treatment of skin disc'ases has bcicn 
mentioned.'^ Henna has the properties of an aeld dye and finds 
considerable use for dyeing hair. Hennas eompounded with indigo, 
pyrogallol or copper salts are sold for the purpose.^'* Plumbagin (from 
the root of Plumbago rosea) is 2-methyljuglone,‘‘' and it has antibacterial 
and medicinal proper! ies.^*-* Lapachol (from th(‘ rjTti)acho and other trees) 

Q . O Q 
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CH,-CH=C" 


^CH,OH 
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Lapachol 


I^matiol 


has been synthesized by the interaction of the silver salt of 2-hydroxy- 1,4- 
naphthoquinone (lawsone) and isoprene hydrobromide.*- Lomatiol, the 
(loloring matter of the seeds of Lomatia illicifoliay is closely allied to 
lapachol, being an w-hydroxylapaehol. A conversion of lapachol to 
lomatiol has been recently accomplished.’*^* A remarkable general reac- 
tion of lapachol and other alkyl and i3-alkenyl derivatives of hydroxy- 

Gries, Northern Nut Growers Assoc. Ann. Rept. 34 , 52 (1041^). 

Briflsernore.t and Miohaud, J. pharm. chim. 16, 283 (1917). 

** Cox, Analyst 63 , 397 (1038). 

Saint-Rat, Olivier, and Chouteau, Hull. ncad. nM. 130 , 57 (194()). 

Gates, JACS 70 , 617 (1948). 
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naphthoquinone is the Hooker permanganate oxidation which results in 
the elimination of a methylene group; thus lapachol gives 3-(j3,i3-(limethyl- 
vinyl)-2-hydroxy-l ,4-naphtho(iuinone, the double bond being left 
intact.^* An anenent dyest uit, which defie<l piirilication and was assigned 
widely different molecular formulas ovct many years, is the dark red 
alkannin (anchusinj, the essential constilij<‘nt of alkanel. the root of 
Alkanna or Anchusa tinctoria. Alkannin has now l)een shown to be a 

0 

HO II 

CMe, 

HO II 

^ Alkannin 




r(‘lativoly simple Xaphthnzarin derivative, and stru(*turally identical 
with shikonin (Tokyo Violet), the coloring matter of the Japanese plant 
lAthospcrmium enjthrorhizonc; alkannin and shikonin are optical enantio- 
morphs (Brockmann, 1935). Droserone, one of the two coloring 
matters occurring in Droscra Whitlahrri, is 3,5-dihydroxy-2-inethyl-l,4- 
naphtho(|uinone, and it has been synthesized by th(* ac;etyl peroxide 
alkylation of 3-hydroxyjuglone, which is prepared by hydrolysis of 
3-chlorojuglone.“- The second pigment is tlu^ 8-hydro\y derivative of 
droserone, synthesizc'd by (condensing maleic anhydride and 2-methoxy-3- 
methylhydrcRjuinone in a sodium-aluminum (.'hloride meltJ- 

Vilarnin Ki and Ky are derivatives of 1 ,4-naphthoquinoiie, and the 
naphtho(iuinone coloring matters suidi as lupacliol and lomatiol exhibit 
vitamin K activity, Fieser has explaiiunl the characteristic transient 
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blue coloration of vitamin Ki and Ky and other /i-alkenylnaphthoquinones 
with sodium ethylate as being due to tlie replacement of the unsaturated 
side chain by a hydroxyl group, resulting in the formation of pigments 
similar to phthiocol (2-hydroxy 3-methyl-l,4-naphth(xiuinoiie), which 
has been isolated from human tubercle ba(cilli. The pigment Echino 
*’ For a study of the niorhanisin of the Hooker oxidation, spp Fiosor and Fipser, J ACS 
70 , 3215 ( 1948 ). 

“ Thomson, JCS 1277 ( 1949 ). 
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chrome A occurs in sea iir(*hiu and one of Uie two possible y^-quinoiio 
forms is indicated.-* 

Starting from the clue that dihydrolapat'hoi possesses mild anti- 
malarial activity, Fieser and his collaborators luiv<* investigated nearly 
three hundred 2-hydro\y-3-alkyl-l,4-naphtho(iiiinoneh; the most potent 
compound was a hundred times as active as dihydrolapachol.-** 

Dunnione, the orange-red pigment occurring as a deposit on the 
loaves of Stre.ptocarpus Dunnii\ is a /tt-naphthocpiinone derivative.'** 
Racemic dunnione has been synthesized by cyclization of (I) obtained 



by a CUaisen rearrangement of the appropriate ether of 2-hydro\y- 1 , l- 
naphthoquinonc. 

” Kulni and Wallcnfeh, fitr. 72, 1107 (llKOl 
« Kiosor it at., JACS 70, 3151 (P.MS); if sm / 

« Cooke, Vnture 162, 178 (1918) 
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ANTHRAQUINONE DYES FOR CELLULOSE ACETATE 

The elKiracteristic prof)erties of dyes suitable for application to 
cellulose acetate rayon have been discussed earlier.' Like the insoluble 
azo dyes, aminoanthraquinones and aminohydroxyanthratiuinones were 
first utilized by converting th(‘m into the lonamine type by a formaldc- 
hyde-bisulfite condensation. lonamine I^iire Blue K and Cl were pre- 
pared by the treatment of 4,8-diamino-l ,5-dihydro\yanthraquinone 
and 4,5-diamino-L8-dihydr()xyant.hraqiiinone respecti\'ely with formal- 
dehyde and sodium bisulfite. Although the Ionamiiu»s are obsolete, the 


O 



solubilization of aminoanthraquinones as the methaii('sulfonat(\s and 
their isolation in purer form by working in cwgaiiic sohents, or by inter- 
action with formaldehyde in phenol solution and then sulfonating. have 
been mentioned in recent patents.’* When the dispersed azo dyes for 
cellulose acetate (Dispersol and S.ILA. dye.«)' were develope<l in 192»3, it 
was found that the dispersion process was aj)plicable to simple anthra- 
(juinone derivatives as well as to azo dyes: the anthraquinoiies were 
absorbed by cellulose acetate rayon equally readily and the shades were 
much faster. Thus a 10*^t paste of a-aminoanthraciuinone in water 
containing 2-3% of a dispersing agent was an early example of a cellulose 
acetate dye, giving yellow shades from a soap bath at about 80°. The 
Duranol colors (BDC, ICl), Olatene dyes (SD) and some of the S.ILA. 
colors (British Celanese C^o.) arc such dispersions oi amino- and amino- 
hydroxyanthra«piinones, and anthracjuinono derivatives have since been 


* See Chapter XX 1. 

*Sancloz, J3P 529,355; 536,303. 
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included in the cellulose acetate range of other dye manufacturers. 
Many of these dyes are applicable to nylon. The problem of prepar- 
ing stable dispersions of insoluble or sparingly soluble dyes has been 
approached from two sides. ^ One is the use of more powerful dispersing 
agents (e.g., condensation products of alkylnaphthalenesulfonic acids 
and formaldehyde) and the improvement of methods of dispersion; a 
simple and effective method of dispersion, e.g. of 1 ,4,5,8-tetramino- 
anthraquinono, is to dissolve the dye in tet rahydrufuran and add to soap 
solution.® The other is the attachment of alkanol, carboxyl, amide and 
other groups to the dye molecules in ordrn* to render the dyes more 
readily dispersible. The introduction of hydroxyalkyl and other groups 
sometimes also effects increased affhiity, improved leveling, and minor 
modifications in shade. Cellulose a(*etate dyes may b(^ marketed as 
paste or powder brands, and the latter may be produced by drying down 
the aqueous dispersions. For dj^tang, the dyestulf is pasted up with 
soap, Turkey Red oil or a wetting agent, and tlu' dyc^bath is made iip 
with water containing one of these dispersing ag(Mits.‘ 

Aminoantiiraquinone Deriv V tjvks 

The range of shades obtainabh^ from the simple amino- and amino- 
hydroxyanthraquinones is indicated in Table 1. Anthraquinone dyes 
for cellulose acetate derived from 1,4-diaminoanthraquinono arc viok^t, 
blue and green dyes with good affinity, level-dyeing power and (‘xcidkait 
fastness. Further, the usual type is unsymrneX^ically substituted by 
alkyl or arjd groups on the two nitrogen atoms. Th(? main method of 
preparation is the. condensation of (luinizarin, 1-amino- t-hydroxyanthra- 
quinone, l,4-diaminoanthra(iuinone or their Umico derivatives with 
primary amines.* In dyeing acetate rayon blue shad(*s using l,t-dialk 3 d- 
aminoanthraquinones, a mixture of two or three dyes givc's brighter and 
more intense shades than any of the components.^ l,5-Diamino-4,8- 
dihydroxyanthraquinonc (4,8-diaminoanthrarufin) is best prepared by 
the nitration and reduction of 1,5-diphenoxyanthraquinone. Nitration 
yields a hexariitro compound in which, besides two nitro groups in the 
4,8-positions of the anthraquinone nucleus, two nitro groups enter ea(*h 
of the phenyl groups. Hydrolysis with dilute caustic soda solution then 
gives very pure 4,8-dinitroantlirarufin, which is finally reduced to the 
diamine by means of sodium sulfide.® 

While anthraquinone derivatives are principally employed for violet, 

• Socicte Rhodiacota, BP 506,264. 

• IG, BP 447,037; 447,088; 447,107-8; 461,428. 

» IG, BP 452,421. 

• DRP 158,531 ; 170,728. 
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TABLE J 

AMINOANTHRAgCJINONEH AS CellCLOSK AcETATE EyKs“ 


A nthraquinone derivati ve 
1-Amino 

I - Amino-2-me thy 1 
1 -AT-Methylamino 
l-Amino-2-hy(lroxy-4-inethoxy 
1,5-Diarniiio 

l-Amino-4-hyd roxy-2-in(*t lioxy 

1 .4- J>iamino-2-niethox y 
1 -Am ino-4-hy (iroxy 

1.4- Diainino 
5-Nitro-l ,4-diuinino 

1 - Am iuo-4- A' -rn e t h y 1 am i ri o 
Partially methyhitrd J,4-di:iiniuo 
l-Amino-4-ac<*.taniiclo 

1.4- HiHmcthyIainino 

1 .5- l-)iamiIlo-4,S-^lilly(lro^y 

4.5- Dialnino- I ,S-<lihydn)xy 
1,4,5,8-Totramiiio 
Mclliylaled 1 ,4,5,8-tt*t ramiiui 
l,.'^-Li.’^"«'<hylaiiiiiu)-4,S-<lihydroxy 
l-M(;thylamino-4-p-ainiiK)aJiiliiio 


Shade or rommerrinl name 

Vcllow 

Orange 

(Vlliton Orange H; Durariol Red (i 

Y(?llo\visli rose 

Red 

C<41iioii Fast I^ink RF 

CVlliton Fast Pink FF3B: Ouranol Red X3B 

Oc'Iliton Fast Pink Ji 

CVdlitori Fast Red Violet R 

(Ylliton I'list \'iolef B 

l^irple 

Celliton Fast \ iolet OB 
Violet 

tV*IIiton Fast Blue B: Oiiranol Blue B 

Blue 

i^ltie 

(Vlliton Blue extra: Duranol lirilliant Jilue (’B 
(’elliton Ihue 3Ci 
Ouranol Bliu* (J 
Clrc'on 


l)lu<‘ and grot'll tjliados, the loss doop shados (yt'llow to rod) Ixdng obtained 
from azo dyos, it \vill b(‘ notiood Uiat tho sorios include orange and red 
sfiad(\s. An interosling (’\am])l(‘ of a yellow dye for cellulose acetate 
dc'rivcd from antbraciuiiiono is B-nK‘thoxyl)onzantlirono (Duranol 
Brilliant Yellow 3(1, ICT), whii li howevi'r is not in the current commer- 
cial range. 3-Mellio\ybenzanthroiu‘ yields fast greenish yellow shades 



Duranol Brilliant Yellow 30 


and may also be used in mixtures uith blue aiiiiiraiiuinone ac'otate rayon 
dyes for ©reen shades.*' A'-A<*yl d(*rivalives of l-ainino-5- and 8-hydroxy- 
anthraquinone are yellow dyes for ccllulo>c ac(*tate and nylon, when an 
aliphatic (e.g., aeetic, propionic) acid is used for acylation.^® The 
’ BIOS 1484 . 

® For an empirical corndation of the color ami constitution of anthraquinoue deriva- 
tives, see Houbon, Anthracene and Anthrnqiiinone, Ot'org Thieme, Leipzig, 1929. 
• ICr, BP 447,134. 

•“ Ciha, BP 039,223; 039,250. 
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(lihydropyrimidino derivatives obtained by condensing o-aminocyano- 
anthraciuinones with aldehydes are substantive to acetate rayon, and 
many of them are yellow dyes.*® Aminoanthrapyrimidines dye acetate 
silk in greenish yellow to red shades; and methods for the halogenation of 
aminoanthrapyrimidines,** the preparation of polyaminoanthrapyrimi- 
dines by aminatiiig aminoaiithrapyrimidinesulfoiiic acids,*- and for 
converting anthrapyrimidines into hydroxy derivatives, which also dye 
acetate rayon in yellow shades, by treatment with sulfuric a<;id in presence 
of catalysts,*® have been described. Red anthrapyridone dyes for 
cellulose acetate are obtained by condensing a •4-bromo-G-aiiilinoanthra- 
pyridone, in which the anilino group may be substituted in the ring or on 
the nitrogen, with a phenol or naphthol; sulfouation gives wool dyes.*^ 
A red dye with good fastness to gas fumes is obtained by methylat- 
ing l-amino-4-hydroxy-2-mercaptoanthra(iuinoiie.^*“ The mixed ureas 
derived from l,o-diamiuo-4,8-dihydroxyanthraquinon(? or 4,. >-di ami no- 

1. 8- dihydroxyauthraquinoiic and a-aminoanthra(iuinone yield brown 
shades,*'^ 

Arhinoanthraquinones derived from G-ehloro- and (),7-dichloro- 
quinizariii have good fastness to light.*® The alkyl, aryl and aralkyl 
substituents in the aminoanthraciuinones used for dyeing cellulose 
acetate may be of varying complexity, as indicated in Table I. Violet 
to bluish red dyes containing an alkoxy group in the 2-position are 
obtained when a l-aminoanthra(iuinone-2-sulfonic acid with an amino- 
alkylamino or arylamino group in the 4-position is treated with ethylene 
oxide, or a polymeride thereof, or with a mono- or polyhydric alcohol or 
carbohydrate, e.g. mannitol.*^ Alkylation of 1,4,5-tri- and l,l,o,8- 
tetraminoanlhraquinone leads to Uue dyes.*’' The mixture of partially 
methylated amines obtained by the action of methanol and sulfuric acid 
on l,4,5,8-tetraminoanthra(iuinone is a better dye for cellulose ace- 
tate than the parent amine.*® 1,4,5,8-Tctrakismethylaminoanthra- 
quinone, dark blue crystalline compound, has been prepared by heating 

4. 8- diamino- 1,5-dimcthoxyanthraquinone with methylaminc in ethanol 
at 180°.*® 4,8-Diamino-l,5-bismethylaminoanthraquinone and 4,5-dia- 

IG, UP 483,585. 

“ IG, BP 449,537; 449,611. 

IG, GP Anm. J. 52,786. 

** IG, BP 439,944. 

lOastman Kod^k» 2,268,814, 

Cclancsc Corp. of America, BP 639,266. 

Perkin, Hollins, and British Dye.stuff.s, BP 248,858. 

Gutzwiller and Sandoz, USP 2,433,551. 

IT ICI, BP 430,013. 

«IG, BP 391,859. 

» IG, BP 442,726; see also Bayer, DllP 144,634; and Itef. 20. 
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mino-l,8-bismethylaininoanthraquinone have been synthesized recently.®” 
It has been claimed®* that anthraquinone derivatives containing one or 
two a-amino groups and an a-hydroxy group are specially resistant to 
light and fumes. Examples are l-amino-I-anilino-o-hydroxy- and 
l-amino-5-anilino-4,8-dihydroxyanthraquinones. The o-anisidino group 
gives better resistance than the anilino group,®® and affinity is increased 
by acetylating an anilino group.®* l-.Vrylamino-ljO-dihydroxyanthra- 
(piinones, obtained by healing leuco-l,4,5-trihydroxyanthra(iuinone with 
an arylamine in an inert solvent (e.g., C(‘llosolvc) at 80-120°, give 
blue shades on cellulose acetate, fast to gas fumes, and are also 
suitable for coloring alkylacrylate resins.®' The introduction of a 
secondary alkylamino (e.g., isopropylamiuoj group instead of a primary 
alkylamino group in l-amino-4-alkylaminoanthraquinonc gives blue 
dyes with^improved light fastness.®® A further example is the blue dye 
(I), in which NPIR may lie the morpholino or tetrahydrofurfurylamino 
gi*oup.®® The attachment of a phenyl oi an n-mcthoxyphcnyl residue to 
a nitrogen atom in aminoanthraquinones increases the fastness tp light 



O 

HO II NHPh 


(ID 0 

and to acid atmospheres, particularly sulfur dioxide fumes.®" The blue 
dye (11) is prepared l)y heating 4,8-dinitr()anthrarufin with aniline so as 
to replace one nitro group by the anilino group, and then reducing the 
second nitro grouj); and it is said to po.s.^ess excellent fastncs.s properties. 
Th(‘ blue to blue-violet dyes obtained by condensing 4,8-dinitroan- 
thrarufin (or other polynitrohydroxyanthracpiinones) with sulfanilamide 
(or other aliphatic, and aromatic amines) are fast to light and acid 
fading.®"'* l-Amino-4-(/)-hy(lroxyanilino)antlira(iuinone and its l-alkyl, 
aryl, aralkyl, or cycloalkyl derivatives can be prepare*! by condensing 
l-amino-4-hydrox3"antlira(iuinone or a derivative with p-aminophenol in 



Hall and Hoy, JCS 730 ( 1948 ^. 

Dreyfus, FP 750,838 -t). 

” Dreyfus, VP 750,840. 

2* Dreyfus, FP 750,841. 

Wuertz, Klein, and du Pnnt, USP 2,341,891. 

TG, HP 490,372. 

Eastman Kodak, USP 2,311,005. 

British Celanose, BP 416,611-2; 420,591 ; 420,593. 
Seymour and Snlvin, USP 2,480,269. 
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presence of boric acid and excess of a phenol as solvent; the products dye 
acetate rayon and, when sulfonated, are dyes for wool.** 

Among the Perlon Fast dyes developed by IG for use on Perlon, a 
nylon type synthetic fiber, a few are anthraquinone derivatives and these 





Perlon Fast Blue FFR Perlon Fast Blue FFB Perlon Fast Red Violet R 



Perlon Fast Green 3B Perlon Fast (jrecn BT 


are also applicable to cellulose acetate. E.xamplos are Perlon Fast Hlu(‘ 
FFR and Blue FFB, Rod Violet R, Green 3B and Ciroen 

Aminoanthraquinones Containing HYnmieniLiG Groups 

A few oxaraiJcs of substituted aminoaiitliraciuinones containing 
alkanol, carboxyl and other groups, which are introduced for the purpose 
of facilitating the dispersion of the dyes in water, may he quoted. As 
usual, the introduction of a large variety of groups has been suggested in 
the patent literature, but the principal substituent is the ethanolamine 
group. A method employed for the preparation of arylaminoanthra- 
quinones,^’^ which consists in heating quinizarin or leinuxiuinizarin with 
an amine, is suitable for the purpose. Thus the blue dye (Til) is obtained 



(III) Celliton Fiwst Blue Green B 


« Ciba, BP 636,885. 

« BIOS Miac. Kept. 20. 
See Chapter XXIX. 
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by heating quinizarin with a 30% solution of monoethanolamine.** 
Celliton Fast Blue Green B is prepared similarly by heating leuco- 
1,4,5,8-tetrahydroxyanthraquiuone with two moles of ethanolamine.^ 
The replacement of the hydroxyl groups in (juinizarin may be carried 
out ill two stages for the preparation of unsymmetrically substituted 
1,4-diaminoanthrafjuirione derivatives. Celliton Fast lilue FW is an 



uiisymmetrieal derivative of l,4-diamitioanthra(iuinone in which both 
the amino groups <*arry alkyl substituents. Celliton Fast Blue FFU is a 
mixture of (IV') whi(*h is the main constituent, 1.4-bismethylamino- 
anthraiiuinone and 1 , l-bis-/3-hydroxyethylaminoaiithraquinone (III) ; 
such n mixture is appreciably stronger tinctorially than any of the com- 
ponents.^- By heating leucoquinizarin with ethanolamine and methyl 
d-amino-R-butyrate in eciuimoleeular amounts and oxidizing the product, 
we get a blue dye (V).*’’* l,4,5-Triamino-8-anthraquinonylglycinc is an 
intense fast blue dye.*^® 4-i3-H3’'droxyethylamino-l -dia(*ctonylamino- 
aiithrafpiinonc is a blue dye.^^ 

Green or greenish blue shades are obtained from derivatives of 
l,-1-diaminoanthra(iuinoiie in which one amino group is substituted by 
hydroxyalkyl and the other by a hydroxy- or aminophcnyl group. 

O 

II NIICHjCHjOH 

coo 

II NHCHMe 
(V) ® CH.COOMe 

Wlicji the leuco derivativi* of quinizarin or l,4,r)-tn- or 1,1,5,8-tetra- 
liydroxyaiithniquinone or a nuclear substituted derivative is treated 
with an alkylamine an<l an arylainine simultaneously or suecessively, the 
products are 4-arylamino-l-alkylaininoanthraquinones.’' A green dye 

*' I(J, BP 289,807. 

” BIOS 987 , p. 155. 

Eastman Kodak, USP 2,319,043: for other variations see USP 2,191,029-30. 

Ciba, SP 216,166. 

“ Kastman Kodak, USP 2,384,889. 

" Ciba, BP 425,450; 430,214 : 429,951 : 423,256. 
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is obtained by heating leueoquinizarin first with jt^-pheuylenediamine and 
then with monoethanolamine in presence of boric acid and an oxidizing 
agent such as arsenict pentoxide or lead peroxide. 

Another method for the synthesis of l,4-diaminoaiithra(iuinones 
unsymmetrically substituted on the two nitrogen atoms is to convert 
leucoquinizarin hy mild ammonia treatment into leuco-l-amino-4- 
hydroxyanthraquinone, and without isolation add two other bases, e.g., 
methylamine and /3-hydrox3’ethylaminc, heat at about 90°, and oxidize 
with air and copper sulfate. 

The treatment of primary or secondary amines with ethylene oxide 
or ethylene chloroh^’^drin, so that one or more /J-hydroxyc'thyl groups are 
attached to the nitrogen atoms, is another mcithod which is specially 
useful for compounds other than the l,4“diaminoanthra(iuiiionc deriva- 
tives. Thus the hydroxyalk^dation of dianiinochrysazin gives a clear 
blue d>^e of high intensit 3 ^‘^’ The treatment of the green dye (VI) with 
ethylene chlorohydrin gives increased aflinity for acetate silk.'*'* Th<i 
hj^droxyethylation of 1 ,4,o-triamino-8-hydroxyanlhra(iui!ion(‘ gives blue 



d^'es.**'^ Similar dyes may be prepared from l-amiiU)-4-arylainino- 
anthraquinones with eth^deiie oxide or chlorohydrin, from 4-halogen- 
substituted l-arylaminoanthraciuinones by means of a hydrox^^alk^d- 
amine, or from leuco-l,4-diaminoaiithra(piinone by condensation with a 
hydroxyalkylamine and an ar^damine simultaneously or successively.’" 
m-Hydroxymethylanilino groups may be introduced as in (VII).”. 
Dyes of the type (VIIl) dye both cellulose acetate and nylon.’- Blue 

3® British CelancsV, BF 507, (Xio: 5()7,20r». 

3’ la, BP 430,658. 

3«* IG, BP 275,636. 

3» Ciba, BP 391,859. 

« Ciba, BP 425,517; GP Anm. J. 8(i,437; IG, HP 434,900. 

®iduPont, BP 560,817. 

3* By era, Dickey, and Kastman Kodak, HP 593,955; ITSP 2,391,011. 
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to green dyes (e.g. IX) are obtained by heating (lllj with one mole of an 
aeid chloride; for (IX), chloroacetyl chloride is used, and the chloroacetic 
ester is converted into the glycollici ester (IX; by means of boiling sodium 
carbonate solution/-* Green-blue dyes are obtained by treating hydrox- 
ylaminc derivatives, such as 4,8-bis-liydroxylaminoanthrarufin, with 
formaldehyde in alcoholic solution in presence of a copj>cr salt/'* Esters 
of suitably substituted anthraquinon(i- 2 -carboxylie acid aiul polyalkylene 
glycol monoalkyl ether, in whicli the number of carbon atoms in the 
aliphatic compound is less than Hi, arc cellulose acetate dyes; e.g., the 
l-amino- 2 -anthra(iuinonyl ester of f 'ellosolvo dyes an orange shade. 

Cclliton Fast Blue FFB, FF(i iind FIUl contain an amide group, and 
they are prej)ar(»d from 4-bromo-l-aminoanthra(iuinone-‘2-sulfonic acid®^ 






NaCX, KiCOj. (NHOjCOj; 
126-127*, 2i-3 atm., 6 lire. 


0 


Celliton Fast Blue 
FFB, FFG and FBG 
(B ■= Me or cydohexyl 
or CHMoj) 



O 


Monohydrate, 
40*, 4-0 hrfc 



by the indicated series of reactions." Gellilon Fast Blue FF(i is stated 
to bo faster to light and gas fumes than the other C’elliton blues. *'* '***® 
l-Amino-4-anilinoanthra(piinone-2-carboxyl chlorich* and monootha- 
nolamine giv(' the blue dye (X), which is fa, si lo light and gas fumes. 


O 

II NH* 


COO 

II NHPh 
(X) 0 


CONHCH,CH,OH 


Bright blue dyes for cellulose ucetjite arc obtained by in(rodii<‘ing one or 
more aliphatic polyethnuoxyamine otiior residues into the aidhraquinone 
nucleus, or attached to the iiitrogcii in anthraquinonccarboxylic amides. 
Thus the amine NH 3 (Cllsb. O (CIIj)- 0 :Me is condensed with quini- 

“ Dickey, McNally, and Kastman Kodak. USP 2,41 1,148. 

Seymour, P\ill, and Cclancac Corp. of .\mrrii’n, I’SP 2.3()8.(i82. 

Slinger and ICI, BP 571,0()3. 

**FIAT 1318, III. 

See alao Olpin and House, USP 2.484,‘t02. 

British Oelanese, BP .518,72.'). 
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zarin, giving the 4-alkylamiiio-l-hydroxy- (violet) and the 1,4-dialkyl- 
aminoanthraquinone (bright blue).^“ 

2-Bromo-l-amino-4-arylaminoanthraquiriones (or the 2-sulfoiiic acids) 
give the 2-mercapto derivatives on heating with sodium hydrosulfide 
solution; condensation of the mercaptan with glycerol chlorohydrin gives 
a light-fast blue 

The condensation of chloroanthraciuinones with phthalimidc to form 
phthalimidoanthraquinoncs, of (iiloroanthraquinoTu^s with unthranilic 
acid, and of aminoanthra<iuinonos with salicylic acid-o-sulfonyl chloride 
are other reactions wiiich may be utilized for the present purpose. 


Wateu-Soluule Dyes 


Solacet dyes. There is a complete analogy between the cellulose 
acetate dyes of the azo and anthraquinone series; in addition to a(|ueous 
dispersions of insoluble dyes of both the series, cellulose acetate dyes of 
the sulfuric ester type (Solacet dyes, 1C I) have been prepared in the 
anthraquinone, as w’cll as the azo series. The introduction of a sulfuric 
ester group renders the dyes water soluble, while the affinity recpiired for 
application by the usual direct dy(‘ing method is retained. The Solacets 
have excellent affinity for nylon and some are useful as wool dy(*s; the 
shades are somewhat less fast than on cellulose acetat,(», and some of the 
dyes exhibit different shades on cellulose acetate and on nylon. 

A sulfuric ester of the type (1) may be prepared from t he ethanolamine 
derivative (II) by the usual methods of sulfatioii. with oleum or chloro- 
sulfonic acid used in the preparation of wetting agents such as the 


0 

II NHPh 


O 

11 NHPh 


O 

II NHPh 


CCO— COD COO 


II NH , II NH 

(11) 0 » (I) O 1 

^ CH,CH,On ^ CH.CH20S03Na 


II Br 
O 


sodium alkyl sulfates. Alternatively, l-bromo-4-anilinoanthraquinone 
may be condensed with sodium /3-aminoethyl sulfate.'® Bright bluish 
violet dyes are produced by sulfating (with sulfuric acid or pyridine 
and alkali pyrosulfate) 1-aminoanthraquinones with halogen or methyl 
in the 2-position and the group Nfl CH1(CII2R)^R' OH in the 4-posi- 
tion; R = II 6r alkyl and R' = alkylene.^” A sulfonic or pheno.xy group 
in the 2-position may be replaced by heating wdth a dihydric alcohol 

«ICI, BP 551,160. 

Ciba, BP 607,955, 

** Ciba, FP 849,793; Olpin and British Colaiinw, HP 285,641. 

I Cl, BP 557,456. 
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and alkali. Thus, when l-amino-4-hydroxy-2-phenoxyanthraquinoiie 
is heated with potassium hydroxide, trimethylene glycol and pyridine 

0 

OCHjCHjCHaOSOaNa 



at i)0°, the corresponding 2-7-hydroxypropoxyanthraquinonc is obtained; 
and treatment with 100 sulfuric acid at 1 ")° gives the hydrogen sulfate, 
the sodium salt of which is a bright red dye (III) for wool and cellulose 
acetate.®^ 

The discovery of the Sola(.*et type has stimulated research on other 
modes of imparting solubility without prejudicing the affinity for cellulose 
acetate, and on the preparation of dy(‘s which are of value for dyeing 
wool and nylon, as well as acetate rayon. Kodak describe a range of dyes 
solubilized by metins of a sulfoalkylamino group, the alkyl group contain- 
ing fd least two carbon atoms;'*- examples are l-amino-4-tctrahydro- 
furfurylaminoanthrariuinones which (?arry the group (CTl 2 );.S 03 lI 
attached to the l-nitrogen.'^*^ The lonamine type has been extended by 
using glucose and other hydroxyaliphatic aldehydes in place of formalde- 
hyde for the aldehyde bisulfite reactions. 

Although the water-soluble dyes for cellulose acetate usually contain 
the solubilizing group in a side chain, the presence of a nuclear sulfonic 
group does not debar a dye from being useful for cellulose acetate. Acid 
colors of the Alizarin Direct Ifiue type (e.g., l-amino-4-anilinoanthra- 
(luinone-2-sulfonic acid) become applicable to cellulose acetate if the 
phenyl nucleus contains a saturated hydroca«bon substituent (Ca-e), 
e.g., 7i-bulyl.^^ When the anilino group is replaced by an arainoazo- 
benzene residue the product djTs fast pure green shades;®® when a 
p-nitroanilinc is used a d^’estuff is produced which builds up to black. 
Sandoz describe a series of dyes of the usual 1,4-diarylaminoanthra- 
quinone type, further substituted if desired, in which the 4-aryl group 
is of the type 0-CJI3U NR' Ac, where R is methyl or ethyl, halogen, 
acylamido, carboxyl, or a carboxylic ester group, and It' may be hydro- 
gen, alkyl, or hydroxyalkyl ; the products are prepared by heating a 

Hucklcy, Tatum, and ICT, IJl’ 558,433. 

” Eastman Kodak, USP 2,188,3(H). 

“ Eastman Kodak, USP 2,337,500. 

IG, FP 829,918. 

Sharing, Slingcr, Tatum, and ICT. BP 579,017. 

ICI, BP 478,665; 49*1,237. 

ICI, BP 507,748, 
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4-halogeii derivative with the appropriate arylamiiio. The resulting 
product, if it still contains a halogen, for instance in the 2- or 5,8-posi- 
tions, may be treated with sodium sulfite; or sulfonated. J^lue dyes for 
wool and cellulose acetate are obtained. Examples of the arylamines 
used are 4,l,2.NIl2 CellaMc NHAc, -Nlfa CJi;,Me NMe Ac, and 
1,6,3 -NHAc-C 6H3C1-NH2.®^ Sulfonation of the products of the con- 
densation of phenol, an aminoanthratiuinoiu^ and formaldehyde gives 
cellulose acetate dyes.^'*“ 

The sulfuric esters (Indigosols; see Chapter XXXIV) of the leuco 
derivatives of vat dyes can be applied to cellulose acetate.^''*' 

O 

NHCHaCHOHCH S ^SOaNa 


While the common solubilizing group is a sulfoni(; or sulfuric ester 
group, thiosulfate, sulfonamide, carboxyl, and other groups have also 
been suggested. The dyes (IV) and (\') are t'xamples of these types 
the sulfonamide residue carries two carboxyl groups in (\ ), which dyes 
cellulose acetate and wool in level blue shades. co-IIydioxyalkylamino- 
anthraciuinones can be converted into water-soluble c(‘llulose acetate 
dyes by heating with succinic or phthalic aidiydride to form the acid 
esters, and neutralizing with sodium carbonate to form the sodium 
salts.*'’ C'arboxy) groups may be introduced by the addition of an 
a,/if-unsaturated acid, such as acrylic acid, to an aminoanthrafpiinone.** 
Thioethers such a.s (VI) arc water-.soluhle dyes for cellulose acetate . *2 
The ethanolaminc group confers partial solubility, and the solubility can 



MSandoz, BP 551,881. 

Sandoz, SP:224,874-9. 

Textron Itie." BP 033,717. 

»» IG, BP 490,945; Ciba, BP 510,4.53; IG, HP 490,126. 

BP 506,526; Tatum and TCI, ITSP 2,329,798; see also Grossmanii and Cil>a, 
USP 2,392,663. 

IG, BP 478,304. 

Grossinaim and (Uha, l-SP 2,441,355. 
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be increased by extending the alcohol chain by means of ether linkages. 
Thus leucoquinizarin may be condensed with j3-aminoethyl /J'-hydroxy- 
ethyl ether to yield l-hydroxy-4-alkylamino or 1,4-dialkylaminoanthra- 
quinones; or suitable negatively substituted anthraquinones may be 
condensed with di- or tetra-ethylene glycol ethers, yielding soluble dyes 
of blue and green shades.®^ Water-soluble dyes in wdiich the solubiliza- 
tion is effected by the requisite number of hydroxyl, carboxyl and ester 
groups may be used. Anthraciuinonc derivatives, having not less than 
two amino groups and also the group -NH X O UO Y COONa, whereX 
is alkyleiie and Y is the same or arylejie, are water-soluble, and are fast 
violet to blue-green dyes for cellulose acc3tate. The methoil of prepara- 
tion is to condense tri- or tctraminoanthraciuinones or their leuco deriva- 
tives with one mole of an appropriate halogenoalkyl or glycid^d ester, or 
with an amine XHa X-0 CO -Y CO^H, or to esUTify the appropriate 
hydroxy- or lialogeno-alkylaminoauthracpiiuone with a di- or poly- 
carboxylic acid. As examples, 1 ,4,5,8-tetraminoanthra(iuinone is con- 
densed with acid d-chloroethyl succinate or maleate in cresol solution, 
giving a blue dye, while l,4,5-triamino-8-p-aminoanilinoanthraquinone 
gives, with acid 7 -chloro-/:i-liydroxypropyl succinate, a blue-green dye.*^ 
Tri or tetramiiioanthraciuinoncs can be solubilized by condensation with 
a moJU)halogenoaceti(j a(*id in phenol solution or with phthalic anhydride 
in nitrobenzene, isolating the products as the alkali .salts. 

Water-soluble (luatcrnary salts may bo employed; the pyridinium 
salt obtained from l-/^-(4iloroethylamino-4-anilinoanthra(|iiiiione dyes 
acetate rayon iu gn^eiiish blue shade.s.*'’^’ 

Aminoanthra(iuiiu>iies may be converted into phosphoric acid deriva- 
tives of various types; the treutmeiU of a hydroxyalkylaminoanthra- 
ciuinone or an aminoanthraipiinone itself (c l,4-(liamino-2-methoxy- 
anthraquinone) Avith phosphorus oxychloride gives water-soluble dyes.®^ 
Phosphoric esters of the type of (VII) are ■uitable.®" 



«« IG, BP 512,483. 

Ciba, BP 545,251. 

Ciba, BP 546,019; SP 227,585; 230,21-1 7. 
•• ICI, BP 481,942. 

IG, BP 455,092; 487,878. 

«» Eastman Kodak, USP 2.320,047. 
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Gas Fading 

Some cellulose acetate dyes, especially anthraquinone derivatives, 
are susceptible to fading on prolonged exposure to the fumes of burning 
coal gas. Nitrogen oxides in the fumes diazotize the amino groups, 
resulting in the formation of nitrosamines; sulfur dioxide in the fumes 
plays no essential part.®® For test purposes, gas fading can be accelerated 
by the use of nitrogen oxides at high concentration; a temperature of OS'" 
and RH 15 are suitable for a standard acceleralod lost procedure."^" 
Gas fading depends on the constitution of the dyes, and some examples 
of dyes claimed to be resistant to gas failing havt* been cited earlier. 
Recent patent literature discloses a special sear(*h for blue dyes with high 
resistance to gas fading. l,4-Diaminoaathra(iuinon(‘ and its dc^rivatives 
carrying a trifluoromethyl group in the 2-position have good gas and light 
fastness."®" In dyes of the type l-alkylamino-l-arylaminoanthraciuinone, 
the light fastness is increased by 200 300' i and the stability to gas fading 
by 100% if the aryl group is a complex group such as />-(^iII 4 ()(^d^O(.' 2 - 
H 40 C 2 H 40 Me.’®^ The dyes (V'lII) represent a simple type for wliich 
fastness to gas fading is claimed.^' l-Ilydroxyanthracjuinones s\ib- 
stituted in the 4-position by XH-Ar-GIIaX, in whi(‘h X. is (-N, XlIAr 
or OMc, are blue dyes fast to gas fumes; GII 2 X. may be n^placed by 
OCH 2 COOH or OGHoC'Il-iOH.’- When L-amino-l-butyhiminoanthra- 
quinone-2-carboxylic acid is heated with acpieous sodium cyanide and 
bicarbonate, the product is the 3-cyano compounjJ; sucli blue dyes ha\'e 
improved resistance to gas fading."® When 1 -hydroxy- l-bulylamino- 
anthraquinone-2-sulfonic acid is heated with aciueous sodium cyanide, the 
product is the 2,3-dicyano derivative, which dyes cellulose acetate a fast 
reddish blue shade highly resistant to acid fading.^^" Rlue dyes fast to 
burnt gas fumes are obtained by reducing 4,8-dinitro-l,r>-dihydroxy- 
anthraquinonc with alkaline stannous chloride to the bishydroxylarniFio 
derivative, and condensing the latter with an aldehyde.^* ('ertain 
anthrapyridone derivatives, such as 1 -acetyl-O-o-toluidinoanthrapy- 
ridone-4-sulfonic acid, dye cellulose acetate in red and red-violet slnuh^s 

•® Rowe and Chamberlain, J. Sor. Dyers Colourists 53 , 208 (1937). 

Ray et al.. Am. Dyestuff Reptr. 37, 529 (1948). 

Eastman Kodak, USP 2,451,478. See also USP 2,487,045; 2,4()l>,008-9. 

Eastman Kodak, USP 2,459,149. 

Olpin and HoiSse, BP 003,880. 

’*du Pont, USP 2,335,080; 2,333,384. 

"» British Celanese, BP 593,485; 039,587. 

Seymour et a/., USP 2,445,007; 2,490,414; British (Vlanesc, BP 014,909. 

British Celanese, BP 552,141. 
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which are “extremely fast to light and resistant to acid fading.'"’^® 
Since azo and anthraquinone dyes have relatively better fastness to fumes 
and light respectively, a compromise between the two requirements can 
be achieved by using a mixture of an azo dye and an unlhraqiiinone dye. 
With a given dye, gas fading can be minimized by treatment of the dyed 
material with sodium thiosulfate*,^*’ triethanolamine,^® .V-/3-hydroxycthyl 
ethylenediamine in alcohol, A’,.V'-diphenylethylenediamines,'^'* cyan- 
amide,^'* melamine and melainiiK’-formaldehyde resiiis."*'’ The fastness 
to burnt gas fumes of acetate rayon dyed with azo or anthraejuinone dyes 
is improved by treatment of the liber, during or after <lyeing, with 
reagents of the type of 1 ,()-dianilinohexane.'‘‘ Duranol Inhibitor GF 
(ICI) is such a protective agent, which is attacked preferentially by the 
reactive constituents of the atmosphere.'- 

British BP 

Jhinhury, .inU ICI, BP 

liritish (Vhiiu’sc, Bl* oTlJi??. 

British (’elan(‘s(‘, BP 012,1)01. 

^■‘Collie, (lilos, Wilkinsofi, ](’!, I'SP 2,4 10,380. 
lioiiHid, I'SP 2,410,330; Dn yfus, BP57I,0:>0. 

Kastman Kodak, I'SP 2,170,500; British Cidancso, 2,403,010. 

KM, BP 558,784. 

Knight, J. *SW. Dycrti Colourist’S 66, 171 (1050). 
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ANTHRAQUINONE MORDANT DYES 

Among the maiij' hydroxyanthraquiuoues which have been isolated 
from nature or synthesized, Alizarin' is the only one which is of major 
technical importance at the present time as a dye, but several are of 
value for modifying the Alizarin shades by admixtun* and as inter- 
mediates for the preparation of acid colors r)f the anthra(|uinone series. 

Alizaki.v 

Alizarin- (Kobiquet and C'olin, I82(); (M 1027) occurs as the 2-pnin- 
everoside,^ ruberythric acid, in the root of the madder plant {Rubia 
tinciorum and other Rubia species), cultivated and used as a coloring 
matter for many centuries. Gracbe and Liebermann determined the 
constitution of Alizarin as 1 ,2-dihydroxyanthraqiiinone and synthesized 
it in 1868. Their first synthesis from dibromoanthraquinone was 
replaced within a year by the technically feasible process of sulfonating 
anthraquinonc and fusing the product with alkali, patented on two suc- 
cessive days by Caro, (iraebe and Liebermann and by Perkin. This 
artificial Alizarin produced commercially was TTowever a mixture of 
Alizarin, Flavopurpurin (1 ,2,6-trihydroxyanthra(iuinone) and .Vnthra- 
purpurin (1,2,7-trihydroxyanthraquinone). Further work showed that 
Alizarin was not formed from anthraquinone disulfoni(^ af*id, but from 
the )3-monosulfonic acid, and that the disulfonic acid formed in the 
sulfonation led to the trihydroxy compounds. It then became apparent 
that in the alkali fusion of an anthraquinone sulfonic acid, as distinct 
from similar reactions in the benzene and naphthalene series, an addi- 
tional hydroxyl group is introduced by oxidation, and Koch dis(*overed 
that the yield of .\lizarin i.s considerably improved by the addition of an 
oxidizing agent. Synthetic Alizarin is now manufactured^ by heating 

1 See Richter in Thorp«*’s Dictionary of Applied ClieniiHtry, 1, r/>nKmans, Ix)ndonj 
1937, p. 203. 

* For an account of the history of Alizarin, its indu.strml lUid eeonomic iin|K>rtanee, 

see Wahl, Bnil. sor. rhim. (4j 41, 943 (1927): Fieser, J, Chew. Education 7, 2609 
(1930). 

* Richter, JCS 1701 (1936); Zeinplen, Math, natnnr. Am. im\far. Akad. 68, 380 

(1939). 

^ Ullmann, Enzyklopadie der techiiischen (*heinie, 2nd cd., I, Urban and Seh\varzf*ii- 
berg, Berlin, 1928, p. 197. 
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sodium aiithraquinone-iC<-sulf(HijHo (“silver salt”) with aqueous eaustic 
soda and sodium nitrate (or chlorate) in an autoclave at 200^; the prod- 
uct is the soluble disodiurn salt, and Alizarin is precipitated by acidifica- 
tion. The I(i process for the manufacture of Alizarin is to heat silver 



+ Na^SO) 4" 2H|0 


salt free from disulfonic acid (2400 kg.) with 49^ i caustic soda solution 
(3200 kg.) and sodium nitrate (400 kg.) at 190 2(K)° (10 atms. pressure) 
in a horizontal autoclave for 10 hours. Alizarin is then isolated by 
diluting the batch with water, adding salt and acidifying to pH 2. The 
yield is 1750 kg. Alizarin Red paste as 100^ t. Alizarin Red F is pre- 
pared similarly from Silver Salt F, a less pun* substance than Silver 
Salt H used for Alizarin Red R.*' 

The pure nn>nosulfonate is necessary for the produ(*tion of Alizarin 
free from trihydroxy compounds, and some anthraciuinone has to be left 
imsulfonated so as to avoi<l disulfonation; but in a process due to Iljinsky,® 
the sulfonation is completed and the mixture of mono- and disulfonic 
acids submitted to alkali fusion. Alizarin is then separated from Flav'o- 
purpurin and Anthrapurpurin through their calcium salts. Sublimation 
is a convenient method for purifying Alizariti and other hydroxyanthra- 
ciuinones in the laboratory. Alizarin sublnnes at 110®, while Flavo- 
purpurin and Anthrapurpurin sublime at 100® and 170®, and by sub- 
limation at 140® Alizarin may be estimated in admixture with these 
trihydroxyanthraciuinones. 

An interesting method of preparing Alizarin, which is claimed to be 
in very pure form free from isomers, is to heat aiithraquinone with 
potassium hydroxide, sodium chlorate, and water at 200® in an open 
vessel or an autoclave until no more oxidizing agent remains.' The pro- 
duction of Alizarin in 90 93^<, yield by heating aiithraquinone, caustic 
soda solution, ' sodium sulfite and calcium nitraie in an autoclave at 
220-225® has been claimed.'* 

HfOS 1484 . 

" Wedekind and Co., DUP 140,127 9: 

• BASF, DKP 186,526. 

" iriiiskii et o^, On]. Chrm. lud. U.S.SM, 2 , 9 (I93(n. 
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Alizarin cystallizes from alcohol in brilliant brownish-yellow needles, 
and sublimes in orange-red needles, m.p. 290°, b.p. 430°; it is readily 
soluble in the common organic solvents; it dissolves in aqueous causticj 
soda with a purple color. Alizarin is a typical mordant dye, insoluble in 
water, and is sold as a 20% paste. While it is a polygenetic dye, giving 
different shades with different mordants (rose-red on aluminum, red- 
violet on tin, brown-violet on chromium and violet-black on iron), its 
use in dyeing and printing is for the production of the well-known Turkey 
Red on an alum mordant. Pure Alizarin yields a bluish red, and for 
yellower shades Alizarin is admixed with Purpurin, Anthrapurpurin or 
Flavopurpurin. Turkey Red dyeing is a tedious process, involving a 
series of prolonged treatments of oiling (formerly with rancid olive 
oil and now with Turkey Rod oil), mordanting with aluminum sulfate 
and chalk, fixing, dyeing, steaming, and soaping. Turkey Red is prized 
for the beauty of the shade and its high fastiu'ss, and is still used for 
dyeing cotton yarn and for calico printing, especially in India; but it is 
slowl}^ giving way to th(» azoic reds which are much simpler to produce. 

Alizarin lakes may be prepared in substance*, lor use? in paints, print- 
ing inks, and similar products, by dissolving Alizarin in <*austic soda solu- 
tion and treating with Turkey Red oil, sodium sulfite, aluminum acetate 
and calcium acetate solution at the boil. By varying the (conditions of 
treatment, lakes of different overtone, undertone, textunc and oil absorp- 
tion capacity can be prepared.^ Other anthrafpiinone mordant and 
acid dyes are also useful in lake making. 

Turkey Red contains both aluminum and (*al(‘ium as part of the lake 
produced on the fiber. The composition varies with the dy(cing process, 
and varied structures have therefore been suggested for the Alizarin- 
aluminum-calcium complex. Bancroft has made a phase rule study of 
the reaction between Alizarin and alumina, and he regards the lakes as 
adsorption complexes.^® The fatty acid used in Turkey Red dyeing acts 
as a dispersing agent for the complex calcium-aluminum alizarate and 
is not a constituent of the complex itself. Fierz-David and Rutis- 
hauser^* regard Turkey Red lake as a well-defined compound, isolable in 
pure form by suitable treatment and containing Alizarin, aluminum and 
calcium in the proportions 4:2:3. The lake crystallizes from pyridine 
as a pyridine complex. Formula (I) has been suggested for the true- 
Turkey Red l^e, which contains 5 moles of water. 'phg structure of 
the lake rec^uires further investigation, although there is little doubt that 

• Yates, Ind. Chemiat. 18 , 348 (1942). 

J, Phys. Chem. 36 , 3137 (1932); and earlier papers. 

“Haller, Kolloid Z. 18 , 263 (1913); Helv, Chim. AHa 23 , 1529 (1940); J. Soc. Dyers 

Colourists 68 , 141 (1942). 

Helv. Chim. Acta 23 , 1298 (1940). 
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aluminum is held in a cliclate complex between the 1-hydroxyl and the 
adjacent carbonyl group, and the 2-hydroxyl group forms a salt with 
calcium; calcium may bo replaced by other metallic radicals including 
aluminum, (foyor and Smitli'*^ have prepared cobalt, (‘opper and other 
complexes of l-hydroxyanthra(|uinone and the copper complex of 
2-acctylalizanri, and have adduced analytical and spectral evidence to 
show that inner or (‘helate complexes of the typo (II) are formed in the 
case of, for instance, four-coordinate cobalt, nickel and copper. 

Derivatives of Alizarin. An interesting derivative of Alizarin is the 
i^^-sulfuric ester (ITI), prepared by the action of sulfur trioxide and 
pyridine. The compound is stated to yield prints fast to rubbing when 



applied on cotton in conjunction with aluminum sulfate and calcium 
acetate.*^ The /3-hydroxyl group undergoes the usual reactions more 
readily than the a- because of the chelation of the latter with the neighbor- 
ing carbonyl group, but di-o-derivatives (e.g., the ilimethyl ether) can be 
prepared under suitable conditions. Alizarin forms the 3-hromo com- 
pound on bromination,^'*^ but the 2-methyl ctlier gives the 4-bromo 
compound. 4-Chloro- and 4-broraoalizarin can be prepared by 
halogenating alizarin-2-p-toluencsulfonatc to (IV) and subsequently 

'*JACS 64 , U)40 (1942). 

Barnes, Service, Thomas, and Scottish l)yc.s, HP 3r»S,4r>5. 

^•’Perkin, JCS 27 , 401 (1874); Perkin and Haddock, ibid. 1512 ( 1933 ); Dimroth, 
Schultze, and Hoinze, Ber. 64 , 3035 (1921). 
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hydrolysing the p-toliienesulfonyl group by means of sulfuric acid.'* 
Alizarin is unaffected by iodine in boiling pyridine, by which treatment 
/9-hydroxyanthraquinone gives a nearly quantitative yield of the 3-iodo 
compound.'^ 3-Iodoalizarin was first prepared by treating alizarin-l- 
methyl ether with iodine in pyridine and then demclhylating with 
hydrobromic acid;'^ and more recently from 3-aminoalizarin dimethyl 
ether by the Sandmeyer reaction and subsequent dcmethylation.'^® The 
interest in 3-iodoalizarin is its opacity to X-rays in connection with 
biological studies. 4-Iodoalizarin, which may also be of use in X-ray 
visualization, has been prepared by the Sandmeyer reaction on 4-amino- 
alizarin-2-methyl ether and demethylation with aluminum chloride.^® 
Nitration of Alizarin gives the 3- or 4-nitro compound according to 
the conditions of nitration. 3-Nitroalizarin (Alizarin Orange) (Rosen- 
stiehl, 1876; Cl 1033) (orange-yellow needles, m.p. 244° dec.), formed by 
nitration in concentrated sulfuric acid in presence of boric acid or with 
62% nitric acid in o-dichlorobenzene at 40°,* has a limited use for orange 
shades on aluminum mordant. 4-Nitroalizarin (Perkin, 1876; Cl 1031) 
(brownish yellow needles, m.p. 289° dec.) is obtained by nitrating Alizarin 
in sulfuric acid or oleum at —5° to —10°; it is best prepared by nitration 
of alizarin dibenzoate, followed by alkaline hydrolysis. Reduction of 
the a- and the crude /3-nitro compounds with sodium sulfide gives the 
amines. Alizarin Carnet R (jMLB; CI 1032) and Alizarin Maroon (B; 
Cl 1041), which are now obsolete as dyes; the latter was largely 3-amino- 
1,2,4-trihydroxyanthraquinone. Prud^homme (1.S7J) observed that the 
action of concentrated sulfuric acid on glycerine solutions of .Mizarin and 
/3-nitroalizarin (prepared for calico printing) gave a blue dye with 
mordant dyeing as well as weakly basic properties. Brunck (1881) 
prepared the dye. Alizarin Blue (CI 1066), in pure form, and Graebe 
elucidated its constitution as a pyridine derivative and the probable? 



“ Joshi, Tilak and Vciikataruniaii, /Vor. Indian Acad. Mr/. S4A, 304 (1951), 
” Perkin and Story, JCS 2620 (1081). 

Pratt and Archer, JACS 71, 2038 (1940). 
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mechanism of the reaction. The Skraup syntiiesis of quinoline (from 
aniline, nitrobenzene, gl 3 ^cerol and concentrated sulfuric acid^ was 
developed from this reaction. Alizarin Hluc is now prepared by heating 
a mixture of 3-nitro and 3-aminoalizarin with glycerol and 83^,;. sulfuric 
acid at 110° lor 3 liours. Uke Alizarin, Alizarin Illue is an insoluble 
mordant dye, and for calico printing the soluble bisulfite compound 
Alizarin Blue S (B; Cl lOOTj is us(‘d. An isomer of Alizarin Blue, pre- 
pared by carrying out the Skraup react if)n on 4-aminoalizarin, is Alizarin 



Mizarin Black P 



(Ircon (S Paste is the bisulfite compound; Cl lOfiSj. 3-Aminoflavo- 
purpurin similarly yields Alizarifi Black P (Ml.B; Cl 10(‘)9), the bisulfite 
compound being marketed as Alizarin Black S (('I 1070;. 

Other dihydroxyanthraquinones. All the nine isomers of Alizarin 
are known; none is useful as a dye, but the 1,4-, l,o- aiid 1,8-compounds, 

0 

HsSO«, H,BO, 


O 



CO 


on 

0 

Cl 


especially the first, are valuable intermediates. Quiiiizarin (CJrimon, 
1873; Cl 1028) is manufactured on a large scale in connection with the 
production of acetate silk dyes and acid dj^es of the type of Alizarin 
Cyanine Cireen and Alizarin Irisol; a convenient method is b^" the action 
of phthulic anhydride on p-chlorophenol in presence of sulfuric; acid and 
boric acid.*’* IG have found that this reaction can be carried out in the 
absence of boric acid, and also b}" using aluminum chloride instead of 
sulfuric and boric acids An interesting suggestion is the use of diazo- 
tized p-chloroaniline in tliis reaction in place of p-chlorophenol.®^ Qui- 
nizarin is also formed by the Jhdin-Schmidt reaction {vide infra) taking 
place when anthraquinone is oxidized by fuming sulfuric acid in presence 
of sodium nitrite and boric acid under specified conditions.- ‘ Electro- 

Bigelow and RcynoldM, OSCV I, p. *171). Soo also Sievenpiper and .Allied Clienneal 
and Dyestuff, USP 2,445,538. 

BIOS 987. 

Gubelmann, Weiland, and Newport Chem. Porp., USP ],7t)0,915. 

** Schmidt, Bull. hoc. imi. Mulhouar 84, 40t> (lOl-l). 
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chemical oxidation of anthraquinone to*Quinizarin is a further method.*® 
A synthesis which has a bearing on the constitution of Quinizarin is the 
condensation of maleic anhydride with 1,4-dihydroxynaphthalene in 
presence of sodium chloride-aluminum chloride at 220°.'-** 5-Chloro- 
quinizarin is obtained by heating r)-<4iloro-i-nitro or 5-chloro-l-amino- 
anthra(iuinonc with sulfuric, acid in presence of boric acid and sodium 
nitrite at 150-220*^.-’ 

The value of Quinizarin as an intermediate is its reactivity, espeeijUly 
in its leuco form. By heating the latbT with an arylamine such as 
p-toluidine, one or both the hydroxyl groups in (Quinizarin may be 
replaced by the arylamino group. Zahn and (4chwat have shown*® 

OH o 0 0 

that leucoquinizarin probably has the constitution (\’), and that by 
careful oxidation this may be converted into diliydrotiuinizarimiuinone 
(VI), isomeric with quinizarin.*^ The now (luiuone reacts with aromatic 
amines to give, for instance, l-p-toluidino-4-hydroxyanthraciuinonc. 
The reactivity of Quinizarin may be utilized for tlie pn^paration of 
various other anthraquinone derivatives. Ou boiling an aqueous mix- 
ture of quinizarin, sodium sulfite and copper oxidfl^ the sodium salt of (he 
2-sulfonic acid is obtained in theoretical yield; 1 , l,."),8-tet rahydroxy- 
anthraquinone is "unrcactive under the same conditions.*’ (Quinizarin 
(or better sodium quinizarin-2-sulfonate) gives with pota.ssium cyanide 
2,3-dicyanoquinizarin, which may be hydrolyzed to the dicarboxylic 
acid. This acid undergoes the usual o-dicarboxylic acid reactions, such 
as condensation with aromatic hydrocarbons.*** 

The condensation of m-hydroxy ben zoic acid with itself, or heating 
anthraquinonc-l,5-disulfonic acid with milk of lime under pressure, leads 
to the corresponding dihydroxy compound, Anthrurufin (Schunck and 
lloemer, 1878; CT 1029). Chrysazin (Li(‘bermann, 187(5; Cl 1030) is 
similarly prepared from the 1,8-disulfonic a(!id. Suitable conditions for 

** Kitsch and Lowy, Trans. I^JIrrtrochnn. Sor. 62 fpreprint), 8 (n)32). 

Zahn and Ochwat, Ann. 462, 72 (1928). 

Luick, Buxbaum, and du Pont, U8P 2,340,772. 

See Chapter XXIX. 

*« See also Green, JCS 1428 (1926); IG, BP 380,062. 

Marshall, JCS 3206 (1931). 

M Marschalk, Bull. soc. chim. (5), 2, 1809 (1935); (5) 4, 184 (1937). 



(V) 


OH O 




POliYHYDIlOXYANTUItAQUlNONE.S 


825 


such hydroxylation are to use the potassium salt of the disulfonic acid, 
water, chalk and magnesium chloride and to heat at 215° for a few hours,** 


T RIH Y DKOX Y ANTH H AQ UINON KS 


The hydroxy derivatives of Alizarin are important. Anthragallol 
(Cl 1035) is obtained by healing a mixture of benzoic acid and gallic 
acid with a mixture of monoliydrate and oh'um at 120°; but at the same 
time some of the gallic a<*id cond(‘ns(‘s with itself with the formation of 



Anthragallol 


the hexaliydroxy compound, Rufigallic acid (Rufigallol; Cl 1052). This 
is not undesirable as the latt<u* improves the slnule. Anthragallol is of 
some pracitical interest as it gives a fast brown oti chromium mordant. 
A mixture of Anthragallol and Rufigallol is marketed as Alizarin Brown 
HI) (IG). 

Oxidation of Alizarin with manganese dioxide and sulfuric acid 
(Bohu-Schmidt reaction) gives Purpurin (1,2,4-trihydroxyanthraquinone) 
(CT 1037), which gives a scarlet on aluminum mordant and is a useful 
intermediate for the preparation of acid-mordant dyes.-^ Purpurin may 
also be synthesized by heating sodium ({uinizarin-2-sulfonate with slaked 
lime and water in an autoclave at 250°.-' 

Flavopurpurin (Cl 1039) and Ant hra purpurin (Cl 1040) are made 
from anthra(iuinone-2,f)- and 2,7-disulfonic acids in the same manner as 
Alizarin from the /3-monosulfonic acid. Fusion of Anthrarufin with 



II OH 


II OH 


""CICO" COO"' 


o 

Antlirapurpurin 


HO II 
0 

Ihilli;tnt Ali/arin Borrlcnux R 


potassium hydroxide or treatment of Alizarin witli sulfuric acid and boric 
acid leads to Brilliant Alizarin Bordeaux R (By) (CT 1038). These tri- 
hydroxyanthraquinones are made in the pure stale for mixing with 
Alizarin for shading purposes. 


POEYHYDROXY'ANTIIRAQTTINONES 

In attempting the sulfonation of Alizarin Blue, Bohn (1888) made the 
important observation that anthraquinone and its derivatives can be 
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directly hydroxylated by the action of fuming sulfuric acid at a moderate 
temperature. Three hydroxyl groups could be thus introduced into 
Alizarin Blue, the bisulfite compound being marketed as Alizarin Indigo 
Blue S (BASF; Cl 1072) for dyeing wool on a chromium mordant. The 
usual result is to introduce two hydroxyl groups para to each other in the 
unsubstituted ring, so far as this is possible. Anthratiuinone itself yields 
Quinizarin in this manner, but the method is more valuable for the 
further hydroxylation of hydroxyanthracpiinones and for the preparation 
of the tetra-, peiita- and hcxahydroxyanthra(iui nones. Schmidt (By) 
discovered the reaction independently, and made the evTii more impor- 
tant observations that traces of selenium or mercury, often present in 
commercial sulfuric acid, are powerful catalysts, and that boric acid has a 
profound effect in moderating and controlling the course of the reaction. 
Various experimental modificatioiis of the Bohn-Schmidt reaction have 
since been made, of which the following are a few examples. 

(1) When Alizarin is treated with 80% fuming sulfuric acid at yO'^, 
it is not sulfonated, but two hydroxyl groups arc added, giving Alizarin 
Bordeaux B or Quinalizarin (Schmitlt, 1800; Cl 1045), which dyes a 
bordcaux on aluminum mordant. The primary products of the reaction 
appear to be sulfuric esters which are then hydrolyzed to the hydroxy 
compounds. The addition of boric acid retards and regulates the reaction 
by forming boric esters (AQ-OB-O), as well as chelate compounds of 
boron in association with the a-hydroxyl and carbonyl groups. This 
permits the preparation of intermediate compouiuls, and in the prepara- 
tion of Alizarin Bordeaux B for instance the reaction can be stopped at 
the stage of Brilliant Alizarin Bordeaux 11. (2) The oxidizing action of 

concentrated sulfuric acid may be utilized at l(>0 200°, the presence of a 
trace of selenium as a catalyst being essential. At such high tempera- 
tures decomposition can occur, and this is prevented by adding boric acid 
which imparts increased stability. (3) Oxidizing agents, e.g. sodium 
nitrite, may he added, together with a trace of mercury as catalyst. 
Using mangaiK'se dioxide and sulfuric acid, the product is an anthra- 
diquinone, converted into the corresponding hydroxy compound by 


HO II OH 

000 


HO II 


o 

Quinalizjii'in 



Alizarin Cyanine NS 


mild reduction. (4) By the action of fuming sulfuric acid and sulfur on 
1,5-dinitroanthraquinone, or a mixture of the 1,5- and 1,8-compounds, 
a complex series of reactions occur (cf. the formation of Naphthazarin 
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from the dinitronaphthalenefi). Through the intermediate stages of 
antliraquinone-l,4,5,8-diquinonimiiie aiui anthratriquinone, 1,4,5,8-tctra- 
hydroxyanthraquinone is formed, and by the further action of sulfur 



Anthracone Bluo SVVX Anthracene Blue WR 

trioxide and sulfuric acid, the product is 1 ,‘2,4,5,6,8-hcxahydroxyallthl■a- 
(^llinoIle-3,7-disulfolli(• acitl (Aiithraoeue Blue SWX) (Bohu, 1891; Cl 
1003). Hydrolysis by means of sulfuric acid finally yields the hexa- 
hydroxyanthriKiuinonc, Anthracene Blue WR (B) (Alizarin Cyanine K, 
By) (Bohn, 1891 ; Cl 1002). 

When an anthra(iuinone-/3-sulfonic acid substituted by a hydroxyl 
group in the adjacent a-position is fused wiUi alkali, replacement by a 
hydroxyl group takes place normally as in the benzene and naphthalene 
series. Thus l,2,r),0-tetrahydioxyanthrac;uinone is obtained in good 
yield by heating anthrarufin-2,6-disulfonic acid with caustic soda and 
sodium chlorate at 200 270°.-® 

Alizarin Bordeaux B dyes bordeaux-red on aluminum and dark 
violet -blue on chromium. The dye gives sensitive color reactions with 
various metallic ions, e.g.. Be, Zr, Th;®‘' and it has been used for the 
estimation of minute amounts of boron in steel. The shades from 
Alizarin Cyanine NS (By; Cl 1050) are red-violet on alnminuin and 
reddish l)lue on chromium; the 1 \tter has good fastness and is more useful. 
Wool is dyed a fast blue from a single bath containing chromium salts. 
Anthracene Blue WR dyes violet on aluminum and blue on chromium, 
and it is an important dye for dyeing wool in all forms and for dyeing 

** Marshall, JCS 254 (1937). 

Komarowsky and Korcriinaiiri, Z. amii. Chem. 94, 247 (1933). 
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leather. Alizarin Cyanine Black G (3-nitro-l,2,4,5,7,8-hexahydroxy- 
anthraquinone) (By; Cl 1005), prepared by heatinj^ 3-nitroanthra- 
purpurin with manganese ilioxide and oleum, gives a fast black on wool 
by afterchroming.*^ 

Properties axd Keactions of the IIyduoxyantiiraquinones 

The hydroxyanthra(]uiiioues vary in color from yellow to red. The 
absorption spectra in neutral and alkaline solution are characteristic and 
can be used for identifying tlie compounds.^- The colorations in sulfuric 
acid, and the color changes produced by adding boric^ acid to the sulfuric 
acid solution, are valuable reactions for characterizing the hydroxy- 
anthraquinoncs, and these colorations may be studied visually or spectro- 
scopically.®- Alizarin and many of the oth(*r hydroxyanthraquinoncs, 
as well as their sulfonic acids, undergo color changes with change in pH, 
and they have therefore been occasionally used as indicators. Alizarin 
in alcoholic solution changes in color from yellow to violet at pH 5. 5-0.8. 

The hydroxyanlhraciuinones are u.seful as colorimetric reagents for 
the detection and estimation of metals,®® e.g., Zr and Hf in small amounts 
may be determined.®^ Spectrophotometric evidence has been obtained 
to show that the hafnium-alizarin lake is a definite (‘ompound, not a coor- 

dination complex like the aluminum lake, but a salt ((\ 4 Hti 02 )\^^^^nf 0 

in which both the lij-'droxyl groups are involved. 

The a-hydroxyl group exhibits characteristilT properties indicating 
chelation with the neighboring carbonyl group. a-Hydroxyantlira- 
quinones form cr5"stalline compo\inds with boracctic anhydride,®'^ and 
the lake-forming properties of the mordant dyes of the anthraquinone 
series arc primarily depend(Mit on the ))resencc of one or more a-hydroxyl 
groups, although the presence of a second hydroxyl group ortho to an 
a-hydroxyl is iie(*essary for useful mordant-dyeing j)ropcrties. a-IIy- 
droxyl gioups are much more njsistant to methylatioii than /^-hydroxyls, 
and Alizarin for instance yields the 2-monomethyl ether under ordinary 
conditions of methylation. Like anthrafiuinone and its other derivatives, 
the hydroxyanthraquinoiies may be reduced to the leuco compounds 
or anthrahydroquinones by means of hydrosulfite and alkali, and to 
anthrones or anthranols by acid reduction. I’erkin®® has made an 

Schmidt, ./. ifoc. dheni. I rid. 33, J04() (1914). 

Meek and Watson, JCS 109, .544 (I91G). 

** See Fiegl, Qualitative Analyse niit hilfe von Tupfelteaktionen, AkadcinLsche 

Verlagsgesellschaft, Leipzig, 1938. 

«Liebhafsky and Winslow, JACS 60, 1776 (1938); 69, 11.30 (1947). 

Dimroth and Faust, Her. 64 , 3020 (1921). 

Perkin and Haddock, JCS .541 (1938), and earlier papers. 
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extensive study of the reduction products of the hydroxyanthraquinones, 
and has shown that the presence of an a-hydroxyl group retards reduc- 
tion, but if hydroxyl groups are also present in the jS-position, ready 
reduction takes place; thus Alizarin undergoes reduction to dcoxyalizarin 
(I), the corresponding anthranol in which the carljonyl adjacent to a 



hydroxyl group undergoes reduction, /^-llydroxyanthraquinonc with 
zinc and ammonia gives :^,3'-dihydroxy(lianthrone (II), 3-hydroxy- 
arthranol, and 2,2'-(lihydroxydiantliryl. The action of zinc dust and 
20% caustic soda solution on /i(-hydroxyanthraquinono in an autoclave 
gives 2-hydroxy-9,IO-dihydro;ukthracene.^‘ The removal of a hydroxyl 
group by reduction is anotluT characteristic' reaction in the authractuinone 
series. If sodium anthra(iuinune-/i-suU‘onatc is fused with alkali in the 
abs(‘nce of an oxidizing agent, some* anthraquinone is formed by such 
reduction. Purpuroxant hin or xanthopurpurin ( 1,3-dihydroxyanthra- 
(|uinone) can be convenie?itly prei)ared fiami Purpurin by reduction with 
zinc dust and ammonia. *’' On exposure to air in caustic soda solution, 
Purpuroxantliin giv(*s Purpurin. 

(iuinizarin is reaflily oxidizcal to 1 ,4,9, Ib-anthraditiuinone, e.g., by 
means of manganese dioxide and sulfuric acid, and Quinizarin can be 
regenerated by reduction of the di(|uinone with sulfur dioxide. Alizarin 
Oyunine RH, Alizarin C'yanine (1 ami Alizarin Rrilliant Cyanine GG, 
prepared from tjuinalizarin, illustrate some of the technically important 
reactions which polyhydroxyanthra<iuinones containing 1 ,4-hydroxyl 
groups, like Quinizarin itself, can undergo.-^ Alizarin Cj^anine RR (IG) 


O O 

II OH 


COCr 


II II OH 

o o 

(III) 



” Braun and Bayer, Ann. 472, 105 (I92!t). 
“ MLB, DRP 212,607. 
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(l-amiiio-2,5,8-trihydroxyanthraquiiione) is prepared by heating Quin- 
alizarin (2.54 parts) with water (30), 50% caustic soda solution (20), 
40% sodium bisulfite (0.2) and 100% ammonia (0.9) at 70° in an auto- 
clave for 10 hours. ^ For the other two dyes, Quinalizarin is first oxidized 
to the diquinone (III) by manganese dioxide and sulfuric acid. Conden- 
sation of (III) with ammonia gives Alizarin Cyanine G (Cl 1051). 
Condensation of (III) with salicylic acid and treatment of the product 
with ammonia gives Alizarin Brilliant Cyanine GG.^® These dyes yield 
bluish green shades on chrome-mordanted wool, but have now been 
replaced by their analogs containing sulfonic groups which have better 
dyeing properties.-^ Such aminohydroxyanthratiuinones and their deriv- 
atives are, however, useful as cellulose acetate dyes. 

Xatuiial Antiiraquinoxi*: Coloring Matters^" 

Anthraquinone derivatives are widespread in nature, and have been 
isolated from roots, lichens, fungi and insects; the occurrence of a poly- 
hydroxyanthraquinone in the mineral kingdom has also been reported.'*’’ 
The natural coloring matters of the hydroxyanthratiuinone type are 
often accompanied by C-methyl derivatives and by hydroxymethyl- 
anthranols, whi(di are usually nontinctorial (fonstituenis. 

Madder contains besides alizarin a series of anthraquinone deriva- 
tives: piirpurin, its 3-carboxylic acid (pseudopurpurin), xanthopurpuriu 
and its 2-carbo.\ylic acid (munjistin), and rubiadin (l,3-dihydroxy-2- 
methylanthrac|uinone). Cluiy root {Oldrnlnndm ambdlata) contains 
alizarin, its a-raethyl ether, anthragallol methyl ethers, and hystazarin 
monomethyl ethpr (2-hydroxy-3-methoxyanthra(|uinone). The roots 
of Morinda citrifoliay used in India at one time for dyeing r(*ds, purples 

OH 

Me 

and chocolates on suitable mordants, contain a glycoside of molin- 
done, 1 ,2,5-trihydroxy-6-mcthylanthrHfiuinone. The isomeric chry- 
sarone, 3,5,6-trihydroxy-2-methylanthraquinonc, occurs in the root of 
Rheum rhaponticum. From the Australian shrub, Qoprosma areolaia^ two 
anthraquinoiws derivatives, rubiadin-1 -methyl ethor and areolatin, have 
been isolated in the phenomenally high yield of 23%. The constitution 
Fierz-David, KunatUche Organischc Farbstoffe, Erganzungst)aiid, Springer, Berlin, 
1935. 

Ref. 1, Chapter XXIV (see p. 740). See also PJder and Siegfrie<l, Pharw. Acta Heh\ 
14 , 34 (1039). 
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of areolatin has been confirmed synthetically by the condensation of 
2-hydroxy-p-toluic acid with gallic acid in presence of sulfuric acid/^ 
The bark ol Coprosma lucida contaifis a large quantity of anthraquinone 
compounds present in the free state or as glycosides, and as many as 
eight of the nonglycosidic compounds have been isolated by chromato- 
grapliic adsorption on calcined magnesia these are anthragallol, its 

2- methyl and 1,2-dimethyl ethers, l,f)-dihydroxy-2-methylanthra(iuinone, 
rubiadin, 3-hydroxy-2-mol.hylanthraquinonc, a new anthraquinone 
coloring matter (lucidin, probably l,3,5-trihydroxy-2-methylanthra- 
quinone), and a minute amount of an unidentilied compound. Several 
of these anthraquinones occur in Coprosma accrosay which contains for 
instance l,(i-dihydroxy-2-methylanthraqiiinone, probably identical with 
a constituent of Morinda umbellata and with soranjidiol from Morinda 
citrifolia.*^ Teloschistin, isolated from an Indian lichen, is 1 ,8-(lihydroxy- 

3- methoxy-G-hydroxymcthylanthraquinonc 

Anthraciuinone derivatives in the free state or as glycosides are present 
in many cathartic drugs, such as rhubarb, senna, cascara and aloes. 
Kx*<^i.iples are chrysophanic acid, emodin and aloc-omodin, and rhein. 





Kmodiii 


Aloe-emodin 


Rhein 


Anthrones a»i(l anthranols have also been isolated from some of the 
purgative drugs. Chrysophanic. acid has been synthesized jby the 
indi(’ated route which confirms its constituti-vi (Naylor and Gardner). *** 

O 



Chrysophanic acid 


Rriggs et a/., JCS 568, <MK) ( 1948 ); ibid, 1241, 1246 ( 1949 ). 

Scsbadri and Subramaninn, Proc. Indian Acad. Sri. 30A, 67 (1949). 
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An earlier synthesis of Eder and Widmer^® involves an interesting reaction 
which is applicable to the synthesis of other 1,8-dihydroxyanthraqiiinone 
derivatives. When 3-nitrophthalic anhydride was condensed with 
m-cresol in large excess in presence of aluminum chloride, a 90% yield 
of 2-(2'-hydroxy-4'-methyl) benzoyl-S-ni trobcnzoic acid was obtained ; 
cyclization and replacement of the nitro group by hydroxyl gave chryso- 
phanic acid. Emodin was synthesized similarly from 3,5-dinitrophthaHc 
anhydride.^- 

Raistrick^*^ has isolated several hydroxyanthratpiinones from the 
metabolic products of fungi. Examples are helminthosporin (4,5,8- 
trihydro.\y-2-methylanthraquinone), catenarin (1 ,4,5,7-tetrahydroxy- 
2-methylanthraquinone) , cy nodontin (1 ,4,^),8-tetrahyd^oxy-2-methyl- 
anth^aquinone), and tritisporin (l,3,5,8-tetrabydroxy-()- or 7-hydroxy- 
methylanthraquinone)^^ from various species of Ildminthoisporiinn; 


O 

II OH 

Me 

Islandicin 

HO II OH 




emodic acid and co-hydroxy emodin from Pcnicillium ct/clopium Westling; 
and islandicin (t ,4,5-trihydroxy-2-methylanthr{uiuinone) from Peni- 
cillium islandicum Sopp.'*^ The constitution assigned by Howard and 
Raistrick to islandicin has been confirmed ])y uttiimbiguous synthesis.*^ 
2-(5'-Benzeneazo-2'-hydroxy-4'-methyl )-benzoyl-3-nitrobenzoic acid, ob- 
tained by coupling 2-(2'-hydroxy-4'-methyl)-benzoyl-3-nitrobenzoi(; acid 
with diazotized aniline, gave on reduction 3-amino-2-(5'-amino-2'- 
hydroxy-4'-methyl)-benzoylbenzoic acid: tetrazolization and treatment 
with 96% sulfuric acid at 150° simultaneously elTected liydrolysis of the 
diazonium groups and cyclization to the desired anthraciuinone. Boletol, 
the red coloring matter of the stalks of various species of the fungus 
Boletus, is purpurin-5- or 8-carboxylic acid.^^^ 

Cochineal, kermes, and lac dye, prepared from the dried bodies of 
certain insects or their exudates, have been known and used as coloring 
materials from ancient times. They have not survived in competition 

** Eder and Widnier, Hdt\ Chim. Acta 6, 3 (1022); 6, 410, 966 (1923); l!]der and Hauser, 
ibid. 8, 126 (1925); Eder, DRP 307,316. For a detailed study of the condensa- 
tion of 3- and 4-nitrophthalic anhydride with phenols and phenolic ethers, see 
Mitter and Dutt, J. Indian Chem. Sor. 13, 228 (1036). 

Raistrick, Robinson^ Charles and ICI, HP 420,362; see for synthesis, Marriott and 
Robinson, JCS 1631 (1984). 

** Howard and Raistrick, Biorhem. J. 44, 227 (1049). 

Joshi, Tilak and Venkataraman, Pror. Indian Acad. Sri. 82A, 348 (1950). 
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witli the coal-tar dyes for dyeing textiles, but still find limited use for 
other purposes, particularly cochineal for coloring cosmetics and foods. 
Carminic acid, kermesic acid, and laccaic acid, the essential coloring 
matters of cochineal, kermes, and lac dye are (ilosely allied in their 
properties and constitution; our knowledge of their chemistry is mainly 
due to Dimroth. The evidence in favor of the proposed structures for 
carminic and kermesic acids is extensiv’^e, but not conclusive, regarding 
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Carniinic acid 



C0(CH0H)4CH, 
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Kermesic acid 



COCH, 
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Laccaic acid 


especially’' the side (‘hains. The constitution of laccaic acid is much 
more ambiguous. 
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ACID ANTHRAQUINONE DYES 

Graebe and Liebermanii (1871 ) observed that Alizarin eould be made 
applicable to wool as an acid-mordant color by the simple process of 
sulfonalion. The 3-sulfonic acid, Alizarin Red S, dyed wool in scarlet 
shades in conjunction with aluminum, and bordeaux with chromium. 
Laubmann’s discovery in 1893 that faster and more brilliant acid and 
acid-mordant dyes of the anthraciuinone series could be produced by the 
introduction of amino and sulfonic groups was ot great importance, since 
some of the most valuable and widely used dyes lor wool and silk belong 
to this type; Acid Alizarin Hlue GR (Midi; ( l,S-diamino-l,3,.),7-tetra- 
hydro\yanthraquinone-2,G-disulfonlc acid), d>eing blue with chromium, 
was the first commercial representative. Alizarin (Vanine Green (By) 
was made by Schmidt a year later from Quinizaim, an intermeihate from 
w'hich several other fast and brilliant acid colors have since binm prepared. 
The predominant sluules in (he senes ot anthraiiuinoin* acid dyes are 
blues and greens, which an* characterized by their excellent fastness to 
light. With the exception of the azo dyes, the anthracpiinone sulfonic 
acids constitute the most important group of dyi’ft for wool and silk, and 
the continued interest in the field may be judged by the intense patent 
activity. One advantage* ot the acid anthraiiuinone dyes is that they 
leave cellulose fibers unatTected and are therefore useful for cross-dyeing 
union materials of the cellulose fibers and wool or silk. 

The anthraejuinone acid dyes* - ^ may be classified into five groups: 
(1) sulfonic acids of the hydroxyanthraquinones; (2) sulfonic acids of 
amino- and arylaminoanthraquinones; (3) dyes containing both hydroxyl 
and amino or arylamino groups; (4) pyridan throne, pyrimidanthrone 
and other heterocy<'lic derivatives; and (5) cellulose acetate type of dyes. 

H YDROXYANTIIU VQIJINONIOSULPONIC’ AciDS 

L'nhke phenols and naphthols in which the hydroxyl groups gi*eatly 
facilitate sulfonation, the hydroxyanthraquinones require as severe 
conditions for sulfonation as anthraquinonc itsdf; but the hydroxyl 

‘ Rirhtcr in Thorpe’s Dictionary of Applied Chemistry, Vol, T, 1/ongmans, Ixindon, 

1937, p. 229 

* Thomson, /hid., p 404. 

> BIOS 1484 . 
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groups orient the sulfonic groups in adjacent /1^-positions. In presence 
of a mercury salt, ^-sulfonation still takes place in the hydroxylated 
nucleus, but if one of the terminal rings is unsiibstitufed, mercury has the 
usual effect of inducing a-sulfonation. Thus the disulfonation of Alizarin 
gives the 3,6- and 3,7-disulfonic acids in the absence of mercury, and the 
3,5- and 3,8-disulfonic acids in presence of mercury. 

Alizarin Red H (Graebe and Liebermann, 1871 ; Cl 1034), 2S (Cl 1040) 
and 3S (Cl 1044) are the 3-monosulfonic acids of Alizarin, Anthrapur- 
purin and Flavopurpurin/ On wool, they arc much easier to apply than 
the parent mordant dyes; brighter shades are obtained, and the levelling 
and fastness properties are good. Alizarin Red S is a largely used dye, 


0 0 
II OH H.N II OH 



HO II OH 
0 

Anthracene Blue SWX 


applicable to wool as an acid color; subseciuent treatment with alum give^ 
red shades and with dichromate or chromium fluoride bordeaiix shades, 
which are fast to light and milling. Anthracene Blue SWX (Bohn, 
1891) (BASF; Cl 1063) (Acid Alizarin Blue BB), tlie disulfonic acid of 
Anthracene Blue WR, may be prepared by the s:ame method of heating 
1,5- and 1,8-dinit roan thraquinone with sulfur, fuming sulfuric acid and 
boric acid-/ the disulfonic acid is the penultimate stage in the production 
of the hexahydroxyanthra(iuinone. An alternative method is to sul- 
fonate, nitrate and reduce Anthrachrysone to (1), and replace the amino 
by hydroxyl groups by means of boiling caustic soda solution. Anthra- 
cene Blue SWX dyes wool a cherry red from an acid bath, changed to a 
fast, bright, pure blue by treatment with chromium fluoride. .Vlizarin 
Cyanine BBS is monosulfonated hcxahydroxyanthra(|uinone. 

Sulfonic Acids of Amino and Arylamixoaxthraquinoxes 

A general reaction (Schmidt, 1894-1897), which is of value for the 
synthesis of dyes of this group as well as the next, is to heat a di- or 
^St‘o Chapter XX VI 11. 
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polyhydroxyanthraquinone with ammonia or primary aromatic amines. 
If there are hydroxyl groups present in both a- and /3-positions, the 
a-hydroxyls are preferentially replaced, and usually those in the same 
benzene ring. This, however, is not an invariable rule, and in Purpurin 
for instance the i3-hydroxyl and one of the a-liydroxyls arc replaced by 
heating with aniline. Py using the leuco derivative of the hydroxy- 
anthraquinone for the (jondensation the reaction procee^ls more smoothly 
and in better yield; the product is the leuco derivative of the desired 
amine, and the aminoanthraquinone is finally isolated by oxidation. 
Whether a hydroxyanthraquinone or its leuco derivative is used for the 
condensation, boric acid is a useful catalyst.. The hydroxyanthra- 
quinones which are of primary interest for this reaction are Qiiinizarin 
and its derivatives; and one or both of the liydroxyl groups in Qiiinizarin 
may be replaced by amino, alkylamino or arylamino groups by using 
suitable comlitions for the condensation. 

When Icucoquinizarin is heated with ammonia, l,4-diamino-2,3- 
dihydroanthraquinone (I) is formed; oxidation by manganese dioxide 



and sulfuric acid gives the diimide (II), which isomerizes to 
1,4-diaminoanthraquinone (III) on heating at about 100'’. Leuco-1,4- 
diaminoanthractuinone can be oxidized to (III) by heating at 150® a 
solution in nitrobenzene to which a little piperidine is added. ^ Sulfona- 
tion of leuco-l,4-diaminoanthraquinone in presence of boric acid gives 
Alizarin Direct Violet EBB; purification through the calcium salt yields 
the EFF brand, also called Anthralan Violet 6B (IG).® The trisulfonic 
acid of (III), prepared by monosulfonating 2,3-dichloro-l,4-diamino- 
anthraquinone and then treating with sodium sulfite, dyes wool clear 

« BIOS 1493. 

•Report 19, Textile Series, Office of the Quartermaster General, U.S. Dept, of Com- 
merce. 
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blue shades of excellent fastness.^ Alizarin Irisol RL is the monosulfonic 
acid of 2,3-dichloro-l,4-diainiiioanthraquinone.’* 

When leuco(iuinizarin is condensed with two moles of p-toluidine, the 
vat oxidized, and the di-p-toluidinoanthraquinone sulfonated, the prod- 
uct is the important dye, Alizarin Cyanine Croen G (Schmidt, 1894; 
Solway Green G, Dyed from an acid bath, the shades on wool 



Alizarin Cyanine Croen C 


Me 


Me 



an '''ollowish to bluish green, and the fastness to milling is increased by 
afterc*hroming. Using p-aminodiphonyl in place of p-loluidine for the 
(luinizarin condensation, and sulfonating the product Alizarin Cyanine 
Cireen GT is olitainod; \ising l,2,3,4-tetrahydro-2-naphthylaminc, the 
product is Alizarin Supni Blue SE.^ Blue to green dyes witli excellent 
fastness propintics are obtained hy condensing G-chloro- or (),7-dichloro- 
quinizarin with two moles of various amines (e.g. aminomesitylene; 
1 ,3-diphenyl-2-aminopropane} and sulfonating the product. Fast 
blue to violet dyes, otherwise difficult to prepare, are obtained by heating 
leucocpniiizarin with sodium 1,2-diphenylethylaminemonosulfonate and 
other aminesulfonates. 

Alizarin Cyanine (7reen cannot be prepared by direct condensation 
of leuco(j\iinizarin and p-toluidine-3-sulfo.nc acid; but the isomeric 
toluidinesulfonic acid in which the sulfonic gnaip is meta to the amino 
gro)ip condenses, and the isomer was marketed by MLB as Alizarin 
Dire(!t Green G {Cl 1079). 

Alizarin Cyanine Green can also be prepared from L4-dichloro- or 
dibromoanthracpiinone by rephu^ement of the halogen atoms by p-tolui- 
dino groups, and subsequent sulfonalion; but this method is much more 
useful for dyes derived from 2. l-dibromo-l-aminoanthra(iuiuone (IV), 

' IG, BP 410,054. 

^PIAT 1818 II. 

Smith and Reid, (liemisiDf nwl Imiusiru 075 (1948). 

Sandoz, SP 215,0(52; 247,087; HP 585,730; 507,478; USP 2,448,004; 2,404,240. 

Tatum and IC:i, USP 2,475,530. 
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which is a valuable intermediate. The bromination of a-aminoanthra- 
quinone to (IV) may be carried out in glacial acetic acid at 50" or 
nitrobenzene” at 150-160°; or by adding bromine (1.59 parts), and 
subsequently chlorine (0.65), to a suspension of a-aminoanthraquinone 
prepared by adding a solution in 10 % oleum to water at 25°; tht* bromi- 
nation is completed by heating at 70 80° for 3 hours (yield 97 %)/* When 

(IV) is heated with six times its weight of p-toluidine and a molar pro- 
portion of sodium acetate for 5 hours at 190°, cooled and diluted with 
methanol a nearly quantitative yield of (V) is obtained. Sulfonation of 

(V) with 5% oleum at 15-20° gives the important dye, Alizarin Sky 



Blue B (By) (Unger, 1899; ("I 1088) (Alizarin Pure Blue B) (Solway 
Sky Blue BS; ICl). 

By replacing the two bromine atoms in (IV) successively with suitable 
groups, useful acid dyes can be obtained; for example, blue, light-fast 
dyes for wool and nylon are obtained by condensing first with aniline, 
then replacing the 2-bromine by a thiol group, and reacting the latter 
with glycerol-a-monochlorohydrin. 

The condensation of 4-chloro-l-amino-2-methylanthra(iuirione with 
p-toluidine, followed by sulfonation, gives Cyananthrol II (BASF; Cl 
1076) (Alizarin Cyananthrol RXOF, IG)*'* (Solway Blue R, I Cl), which 
dyes reddish blue shades of good light fastness (5-0). Using m-amino-. 
benzenesulfon-A^-methylaiiilide in place of /j-toluidine in this reaction, 
the product is Alizarin Direct Violet BL.” Alizarin Astrol B is prepared 
from l-bromo-4-methylaminoanthraquinonc, which is obtained by the 

“ Ullmann and Eiser, tier. 49 , 216.5 (1916). 

Grossmann and Ciba, IJ8P 2,434,765. 

Microfilm FI) 2537/46. 
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bromination of l-mcthylaminoanthraiiuinone in 96% sulfuric acid at 
10“; the light fastness is only 4. Anthrafiuinone Violet (Bally, 1898) 
(BASF; Cl 1080) was prepared by the sulfoiiatioii of 1 ,5-bis-p-toluidino- 
anthraquinone, whi<!h may be obtained by the aetion of p-toluidine on 



Alizarin Aatrol B Anthraquinone Violet 


I,r)-dichloro or 1 ,.3-(linitroantlira(|uiiione; but tlic I(i brand is thcsulfoua- 
tion product of mixed 1,5- and l,8-bis-7)-t()luidinoanthraqiiinone in a 
proportion of 7 to 11, the diamines beiuK separately prepared from the 
dieliluro compounds.* Anthrafjiiinone Blue SRX (Ki), which has light 
fastness 7, is prepared by the tetrachlorination of a mixture of 1,5- and 



Anthraquinone Blue SRX 


IjS-diaminoantliraiiuinone ])y means of sulfuryl chloride in a-diehloro- 
henzene, replacing the a-chlorine atoms by /^-toliiidinc and sulfonating.® 
The bromine analog is Alizarin Pure Blue NA." 

l-Amino-4-arylaminoanthraquinone-2-sulfoni(* acids arc very valuable 
and largely used wool colors, which dye bright, level shades with very 
good fastness to light and better washing fastness than the earlier acid 
anthraquinone dyes, although not of a milling color standard. These 
dyes are conveniently prepared from -l-bromo-l-aminoaTithraquinone-2- 
sulfonic acid (VI), which is produce^i on a large scale for this purpose and 
for the preparation of anthraquinone vat lives of the acridone type. 
By heating a-aminoanthraquinone (one part) with 20^7 oleum (1 1 parts) 
lit 120® for 6 hours, diluting, salting out (VIT), and proceeding with the 
bromination directly by adding bromine (O.S part) and hydrochloric 
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acid (7 parts) at 0®, (V’l) is produced in 70S yield;'* can also be 

prepared by heating tt-aminoaiithra<iuinone with chlorosull'onic a(ad at 
about 130° in vacuo.^ The bromo compound (\'I) reacts readily witli 
arylamines in boiling aqueous alkaline solution in pn\sence of a copper 
salt. The aniline derivative is Alizarin J^irect Hlue A (MLB) (Iha-zberg, 
1913) (Alizarin Saphirol A, IG)'* (Solway I’ltra Blue B, IC1),“ the first 
arylaininoanthraquinonc dye containing a sulfonic group in the anthra- 
quinonc part of the molecule. Dyes of this type can also be ])ieptir(‘d 
from 2,4-dibromo-l-aminoanthrac(uinone (l\'), via (V), whicdi is heated 
with aqueous sodium sulfite under pressure. 

Using cyclohexylamine in place of aniline for lh(‘ condensation with 
(\T), the product is Alizarin Brilliant Pun* Ithe l{ (IG).** The same 
constitution has been assigned to Alizarin Saphirol A3B (IG) (Weinand, 
1925)P’ but Alizarin Saphirol A3H or Anthralan IMue B is stated to 
have been prepared by condensing (\’I) with m-aminobenzonitrile*® or 
p-methylaminobenzonitrile.'' The IG dyes, Alizarin Direct lilue AGG 
(Anthralan Blue G), Alizarin Diretrt Blue All (Anthralan Blue B) and 
Alizarin Pure Blue FFB an* similarly prepar(»d resp(*(!tiv(*ly from p-amino- 
acetanilide, p-amino-A'^-m(*thylacetanilide, and m-aminobenzoic acrid; ifi 
the la.st ease the carboxyl group is sub.se(|U(*ntly esterified."’* These dyes 



Seymour et al, USP 2,413,790; 2,440,700; British Celanese, BP 598,797. 

** Rowe, The Development of the Chemistry of Commercial Synthetic Dyes (1850- 
1938), Institute of Chemistry, Tx>nflon, 1938. 

BIOS 987 . 
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Alizarin Chrome Blue FFG 


hiivo cxctillcnl lovnliiif? power and light fastness (7j, but their milling 
fastness is only 1-2. A more r*omplcx dye, which contains a salicylic 
a(*id reshhie so that it has mordant-dyeing properties, is Alizarin Chrome 
Hlue FFG, prepared by tin* indieat(Ml series of reactions.^’ The analog 
starting fi'om 4-nit ro-w-xvlene is Alizarin C'hrome Blue FFR.’‘ A similar 
dye which Ki was planning to market as a chrome mordant color for 
printing cotton, viscose and th(‘ir unions, is (4irome Brilliant JMue BL, 
made by cond(Mising (A’l) with o-fzR-aminojbenzamidosalicylic acid.^'- 



Chrome Brilliant Blue BL 


For Anthralan Blue FK flG), the amine condcnM‘d with (\'l) is prepared 
from /a-nitrobenzenesulfouyl chloride and diethanolamine. Supranol 
Brilliant Blue G (KJj, a fast and level-dyeing member of this group of 
dyes, is j)rcpared from (VI) ami 3-amino-4-methyldipheiiylmethane-2'- 
earboxylie. acid and s\]bse(juent esteritieation of the earboxyl group; the 



Anthralan Blue FR 


Supranol Brilliant Blue G 


” Bros Misc. 20. 
IG, DRP 632,370. 
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required amine is prepared by the nitration and reduction of p-methyl- 
benzoylbenzoic acid obtained by the condensation of toluene and phthalic 
anhydride.* '* Alizarin Brilliant Pure Blue (5 (IG) is made from 
l,5-diaminoanthraquinone-2-8ulfonit‘ acid, which is obtained in 54% 
yield bj' adding 1 ,o-diaminoanthra(iuinone (2 kg.) to 20 S' oleum (3.4 


O 

II NH, 


GXXD"- 

H.N II 


1. AotO. pyridine 

2. Drt 


0 

!l ifH, 


II 

0 


eXXr" 



(VIII) 


kg.) at 90®, hcatiiiR at 145® for 3 hours, auoliiig to 125® aud adding mono- 
hydrate (300 cc.), cooling to 100® and adding 78^,; sulfuric acid (3.5 kg.) 
in hours, and adding the charge to water (50 1.) and salt (3 kg.); the 
product is filtered, washed with salt solution, dissolved in ammoniacal 
water at 95®, filtered, and the filtrate acidified.^- Ueplacing cyclo- 
hexylamine by p-aminoacctanilide for the condensation with (VIII), 
the product is Alizarin Direct Blue Ofl (Kl). A dye made from silver 



Alizarin Brilliant Green B extra 


salt as .starting material is Alizarin Brilliant Clreen B extra (10). Silver 
salt is nitrated to a mixture of l-nitroanthraciuiuone-G- and 7-s\dfonic 
acids, whirli arc condensed with cyclohcxyl amino, bromiiiated (in 
aqueous pyridine) in the 4-positiou and finally condensed with p-amino- 
acetanilide.* 

Two interesting symmetrically constituted djre.s of this scries are 
Supranol Blue GG and Alizarin Light (or Fast) Grey 2BL (By), 2BLW 

According to FIAT 1313 II, Alizarin Brilliant Pure Blue G has a similar constitu- 
tion to that of Alizarin Direct Blue GG, p-nminoacctanilido being replaced by 
p-toluidine, 
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(Ki) (Raedor and Mieg, 1920) ; I ha latter is prepared by the sulfonatiori of 
4,4'-diamino-l,r-dianthrimidp.^ Alizarin Light Brown rJL is sulfonated 
l,r'(iiauthrimide/ 



'Fhe solubility of Alizarin Sky Blue B and other arid anthratiuinone 
(lyes (e.g.. Cyanine Green and Rubinol) ean be inereased by using the 
triethanolamine or the rnethylglucamine salts instead of the sodium 
salts. 

The importance of 4-bromo-l-aminoauthraquinone-2-siilfonic acid 
(VT) as an intermediate, and of the a(dd dyes derived from it by replace- 
ment of the bromine atom by arylamino groups is evidenced by the 
number of the patents in which the essential mode of preparation and 
the type of dye are retained, and modifications are suggested for increas- 
ing the brightness and fastness and for effecting minor alterations in the 
shades.*®" Halogenation prodiujes a liypsochromic effect, and the blue 
l-amino-4-anilinoanthra(|uinone-2-sulfonic acid for instance gives a much 
rodder dye on hah^genation;-^ halogenation of dyes in which the anilino 
group carries alkyl and alkoxy substituents in the 2, 4, and 6-positiona 
gives brilliant reddish blue shades.-* Wool, silk, and nylon are dyed in 
fast level shades by dyes containing a trifluoromethyl group in the aryl 
residue. “ Among the amines which have been condensed with (VI) 
are 3,5-dichloroanthranilic acid,-*’ 3,4,5-trihalogenoanilines,-^ amides 

Young, and dii Pont, USP 2,314,35r>. 

Sec also Bezzubets and Rozinn, J. Applied Chem. I'.S.S.h. 21 , 1152 (4948). 

IG, BP 480,270. 

Gutzwiller and Sandoz, tJSP 2,427,527. Soc also SP 242,840; 240,100-2. 

“* VVuertz, Lee, Buxbaum, and du Pont. PSP 2.333,402. 

” IG, BP 409,390. 

** IG, BP 462,693. 
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of aminobenzeiiecarboxylic acids, aminobenzonitriles, amiiioacetophe- 
iiones,^® and arylaminesulfonamidcs in which the sulfonamide group is 
substituted by two hydroxyalkyl or one alkyl and one hydroxyalkyl 
groups.-® The products from all these condensations are blue acid wool 
dyes. 

Blue to reddish-blue dyes faster to soda boiling and washing than 
Alizarin Direct Blue A(JG are obtained among the l-amino-4-/>-acyl- 
amidoanilinoanthra(iuinone-2-sulfonic acids when the alkyl or cyclo- 
alkyl of the acyl group has at least 5 carbon atoms, e.g., the hexahydro- 
benzoyl, isoheptoyl, and undecoyl derivatives of p-phenylenediamine are 
condensed with (\T).‘^^ Similar and very reddish blues, which can be 
dyed from a neutral bath, are ol)tained from (VI) and aminophenyl alkyl 
or arylsulfonates;-’' (\T) may be condensed with aminophenols and their 
derivatives and then treated with an alkyl- or aiylsulfonyl chloride. 
Diaminodi- or triphenylnudhanes can l^e condcMised with (\T), one mole 
of (VI) reacting in afiueous solution and two moles i»i aqueous alcohol; 
the fastness is higher in the latter case.'*’* Condensing (VI) with a 
dialkylamide of ;;-toluidine-2-sulfonic acid, th(‘ pure blu(‘ dyes are fast 
to light, washing, and fulling. Tsing a m- or /^-aminoaryl alkyl sulfone, 
the blue dyes have good leveling properties.'^’ Blue and gretm dyes for 
wool and nylon, fast to light and washing, are obtained by conflcnsing 
(VI) with diphenyl derivatives such as l-aminodiphenyl-l'-sulfocyclo- 
hexylamide.®* In the Alizarin Direct Blue A type of dye, an alkyl- 
sulfone group (e.g. EtSOo) in the o-position of theT».nthra(|uinone nucleus 
leads to greener and brighter shades.-’^ Dyes (containing a c.yano group 
in the 5- or 8-pt)sition have been claimed.®® The presence of an 
alcoholic hydroxyl group in the benzene ring (e.g. as in the analog of 
Alizarin Direct Blue A from o-aminobenzyl alcohol), or a hydroxyalkoxy 
group in the 5- or O-position,®® improves leveling properties.®’ Level- 

« IG, BP Appl. 7017/3t). 

IG, BP 454,0.50. Sec also General Aniline and Film, USP 2,453,100; 2,453,104; 
BP 630,000; 030,002. 

*MG, BP 521,800. 

M IG, BP 517,306. 

»» IG, BP 505,516. 

*0 IG, BP 342,007; 481,807. 

•'•‘Sandoz, BP 421,632. 

” IG, BP 401,133. 

Kem and Allied Chemical and Uyeatuff, USP 2,430,771. Sco also Vogt, USP 
2,490,431. 

Klein and du Pont, USP 2,176,630. 

Buxhanm and du Pont, USP 2,180,336-7, 

Klein and du Pont, USP 2,170,217. 

•'*7 Wuertz, Klein, and du Pont, USP 2,320,800. 



SULFONIC ACIDS OF AMINO AND AHYLAMINOANTHUAQriNONBiS 845 


dyeing character and fastness to light are claimed for the dyes obtained 
by condensing (VI) with arylamines substituted by dialkylaminoalkyl 
jrroups, and among the amines specified, an interesting example is (IX). 


CH^NxMeGHjCHiSOJl 


(IX) 

IMue to green dyes (e.g. X) for wool and nylon are obtained by heating 
(VI) with various heteroeyelic amines, such as 2-amino-3-m(‘rhoxydi- 
henzofuran and aininoearbazoles.'^’* 




Dyes which luive a sulfonic group in position (> or 7, instead of tlie 
2-position or in an aryl residue, are prepared by (‘ondensing 4-halogeno- 
l-hydroarylaminoaiithraciuinone-fi- (or 7)-sulfoni(‘ acids with aromatic 
amines; these have exc(‘llent levi'ling properti(»s and are greener in shade 
than isomeric products with the sulfonic gro\jp in an aryl residue.^*’ 
Blue and greenish blue acid colors of the type (XI) for wool and nylon, 
which may be prepared from I -amino-2, 4-dibromoanihra(iuinone-()- or 
7-sulfonic acid or from 1 -amino- l-bromoanthra(tui!ione-2,fi- (or 7)-disul- 
fonic acid, are free from the defect of changing shade in artificial light, 
which is a d(*fect of some of the <lyes di^scribcd in earlier Sandoz patents. 
In (XI) R = acylamido, halogen, etc.*’ (ireat brilliance and good fast- 
ness to light are claimed for the dyes made by condensing the 6- or 

7- sulfonic acid of (VI) with aminohydroaromatic bases.^- Fastness to 
light, and wet. treatments is claimed for similar dyes from the 5- and 

8- suIfonie acids of (VI).*’’** 4-1 Ialogeno-l-ainin()anlhra(iuinone-2 -sulfonic 

acids having a sulfonamide group in position i) or 7 interact with amines 
to yield blue or blue-green wool dyes with excellent light fastness and 
good leveling properties. 

Zor\v(Tk, lloinricli, and Clcncral Aniline and Kilni, '2,H3ii.l37. 

Kern, and Allied Chemical and I)ye.stuff, I SP 2,407,7(M; HP UIO.SOS. 

Kji, VP 7t)t,r>03. 

Sandoz, liP 580,351 2; CTSP 2,412,790. See also SP 238,205-74. 

Sandoz, BP 002,419. Sec also SP 240,258; 251,283-01 : 201.859-03; VSP 2,453,285. 
'=’* Sjimloz, BP 030,525. S(^o also BP 030,592; SP 257,724; 259,730 8. 

IG, BP 444,904. 
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Dyes of t.he type of (XII) are blue, violet and brown wool dyes of 
excellent light fastness, and the method of preparation which is claimed 
is the oxidation of Alizarin Direct Blue A with manganese dioxide and 



sulfuric acid.^^ Nitration of the initial product gives gray dyes.*' 
Condensation of Alizarin Direct l^luo A with formaldehyde gives the 
diphenylmethane derivative, which is stated to be fast to light and 
potting.^** The condensation product of (Vd) with 4,4'-diaininostilbene- 
2,2' (or 3,3')-disulfonic acid dyes nylon and wool from a neutral bath, 
but not cotton.**'® Gray dyes for wool are obtained by sulfonating 
dianilinodianthrimides substituteil in lh(‘ phenyl ring by nn^thyl and 
having nitro or amino groups in the anthra<iuinone nucleus. Sulfonated 
diarylaminotrianthrimides and triaminodianthrimides are claimed as 
gray dyes of good fastness.^'* The condensation products of l-amino-1- 
arylaminoanthraciuinones (2 moles) with 3,9-dihalogenobonzanthrones 
are gray dyes for wool.^** 

The unsulfonated 1 ,4-dialkylaminoanthra(|uinones (e.g., the di-^/-amyl 
compound) are useful for coloring petrol, aiuL^sulfonation gives blue 
acid dyes.®“ Sulfonated 4-arylamino-l-dimethylaminoanthraquinones 
are greener in shade than the corresponding monoalkylamino com- 
pounds.®* Sulfonated l,4-bis-polymethylphenylaminoanthracpiinones®“ 
have the defect of reddening in artificial light, but this can be remedied 
by introducing a halogen atom in the (5- or 7-position.®® l,4-Bis-(2',4',fi''- 
triethyl)anilinoanthraquinonc-2-sulfonic acid is a blue dj’^e suitable for 
dyeing wool from neutral solution.®^ Outstanding fastness to light and 
washing is claimed for the bright greenish blue dye prepared by sulfo- 

« Sandoz, FP 785,404. 

« Sandoz, BP 410,990. 

Sandoz, FP 777,164. 

4«« Vogt and General Aniline and Film, USP 2,476,642. 

Buxhauin and du Pont, USP 2,332,770., 

Huxbaum and du Pont., USP 2,335,643; Sinytli and .\TTi(‘riean Cyanainid, USP 
2,454,670. 

« Biixbaum and du Pont, USP 2,203,700. 

Flaks and Amerieaft Cyananiid, USP 2,205,101. 

Whelen and du Pont, IJSP 2,302,823. 

Sandoz, BP 404,802. 

« Sandoz, BP 560,164. See also SP 222,151-6. 

Klein, Perkins, and du Pont, BP 570,510. 
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natiug l,4-di-/mw«-2'-benzylcyclohexylamiiioanihraquiiioiie.*'^’^ 1,4-Dia- 
rainoanthraquiuones become brown dyes if one amino group is acylated, 
and the other is a p-benzeneazoauilino group. Sulfonated l,5-bis(xV- 
methylbenzamido)-4,8-bis(p-pheiiylazoanilirio)antliraciuinone dyes wool 
from an ammonium acetate bath in shades of exceptional fastness to 
light and wet treatments.*^*® 

l-Amino-4-aiylaminoanthra(iuinones in which the aryl group is a 
sulfosalicylie acid residue yield green to gray chromium lakes of great 
fastness to light arul washing.*' When the sulfonic group is in the 
anthraciuinone residue, the products dye blue, green and gray shades as 
chrome colors; and some of the dyes are stiilable for conversion into 
chromium complexes of the Xoolan type.**" 

An interesting development in this class of dye is the attempt to 
impart affinity for cotton and other cellulose fibers, 'riu* azo group 
appears to be favorable, and the olive or green wool dyes obtained by 
condensing (VI) with aminoazo compounds have some affinity" for 
cotton.*-* Ade(|uale technical sub.stantivity for cotton i.s found in the 
gr^'cn dye obtained by coiidcuising (\dj with the monoazo dye (XIIIJ. 
'Phe dyes obtained from 4-aminodiphenyl and its derivatives give fast 
to light greenish blue shades on cotton and viscose.®** Losing moiio- 
cinnamoyl-/;-phenylenediamiiH», the produc^t dyes bluish green shades 
on vis(a).se.®‘ Products obtained by conden.sing (VI) with one mole of a 
compound such as l>ouzidine or diaminobenzophenoiie. and then acylating 
with an acid sucli as cinnamic acid, are greenish-bliu- dyes with ‘'excellent 
fastne.ss properties’^ and with affinity for cr)tlon/- Direct cotton dyes 
(XIV), which dye bluish sliades from neutral or alkaline baths, are 


0 



CH=CHCONHR 


Buckley, Piggotl, and ICl, BP 504,859. 
*** IC:T, bp 566,988; 604,833. 

Tatum and ICI, BP 621,713. 

IG, BP 452,424. 

IG, HP 455,711. 

***IG, FP 811,890. 

U;, BP 381,954. 

IG, FP 750,329. 

*** Ciha, FP 804,457 


Sec also Tatum and ICI, BP 609,585. 
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obtained by condensing (VI) with 4-aminocinnamamide and its alkyl and 
aryl derivatives.®® 


Aminohydroxyanthraquinones 

Dyes of this class are prepared by the sulfoiiatioii, nitration and 
reduction of hydroxyanthraquinones; or by the partial replacement of 
the hydroxyl groups in a polyhydroxyanthraqiiinonc by amino or 
arylamino groups, followed by sulfonation. The important dyes, 
Alizarin Saphirol H and SE (Hy) (Schmidt, 1897), arc prepared by 
the first method. 1,8-Dinitro- 1 ,r)-dihydroxyanthraquinonc-2,G-disulfonic 
acid (1) is prepared by the disulfonation and subsefiucnt dinitration of 



O Alizarin Saphirol B 

Alizarin Eineraldol G 

0 


Anthrarufin; reduction with alkaline sodium gives Alizarin 

Saphirol 15 (Cl 1054) (Solway Blue H, ICd), a valuable wool dye, giving 
level reddish blue -shades, which by afterchroming become gre'ciuM- and 
somewhat less bright, and are therefore unsuitable for this tn^atment 
although the wet fastness is considerably imi)roved. The unchromed 
blue shades have high fastness to light (0 7j, and the dye is extensively 
used in spite of its inferior fastness to washing, milling and perspiration. 
The SE brand (By; Cl 1053) is the monosulfonic acid, which may be 
prepared by the further action of sodium sullidi* on Saphirol 15, or by the 
nitration and reduction of Anthrarufin-2-monosulfonic acid; its lower 
solubility makes it more difficult to apply than Alizarin Saphirol 15, but 
it has better fastness properties, especially to sea water. The bis- 
A-methyl derivative of Saphirol SE is Saphirol SES.® Alizarin Saph- 
irol WS is 4.5-diaraino-l,8-dihydroxyanthraquinonr-2,7-disulfonic acid.® 
When (I) is treated with sodium sulfide successively under alkaline and 
faintly acid conditions, the nitro groups arc replaced by mcrcapto groups, 
and the product is Alizarin Emcraldol C (Schmidt, 1905) (By; Cl 1056) 
which dyes bluish green. The dihydroxy derivative of Alizarin Emeral- 


IG, I5P 420,688, 
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dol G is Acid Alizarin Green B (MLB; Cl 1049). Acid Alizarin Blue OR 
(MLB; Cl 1048) is prepared by warming Anthracene Blue SWX with 
5% ammonia when two a-hydroxyls are aminated, or by the sulfona- 
tion, nitration, and rcdiudjon of Anthrachrysone. 

Alizarin Irisol R (Schmidt, 1894) (By; Cl 1073) (Anthralan Violet 
3B, IG) (Solway Purple R, IC\) is prepared by the same method as 
Alizarin Cyanine Green, b\it using conditions under which one molar 



proportion of p-toluidine condenses with l(‘Uco(iuinizarin; l-p-toluidino- 
4-hydroxyanthra(iuinone thus formed is then siilfonated. Suitable 
conditioJis are to heal (iuinizarin (80 kg.), p-toluidine (240 1.), hydro- 
chionc ai id (35 1.), Ijorir* acid ((i.75 kg.), zinc dust (3.75 kg.), 90^ [ ethanol 
(500 1.) and water (33 1.) at 80" until the reaction is complete; sulfonation 
of the l)ase is carried out l)y means of 5^,c oleum at 20-25".'^’®^ Alizarin 
Irisol R dy(‘s wool and silk a bright bluish violet from a neutral or acid 
bath, (‘haiig(Hl by aftercliroining to a greenish blue with excellent fastness 
j)roperties. The dye is also u.^eful for the preparation of barium and 
aluminum lake pigments with good light fastne.ss. By heating 1,4,5- 



Alizarin Cyanine Green 3G Alizarin Cyanine Green 5G 


trihydroxyanthraiiuinone, which is prepared from Chrysazin by the 
action of 80^'o oleum and boric acid at 30", with p-toliiidine, hydrochloric, 
acid, bori(! acid, and zinc dust at 95", and sulfonating the product, 
Alizarin Cyanine Green 3(i (Brilliant Alizarin A'iridinc F) is obtained.* 
Alizarin Cyanine (or Direct) Green 5G (IG), prepared by heating leiico- 
1 ,4,5,8-tetrahydroxyanthraquinone with two moles of p-toluidine in 
l-Hydroxy-4-arylaminonnthraquinoucs arc prod\iccd in higli yield and purity by 
heating a mixture of Quinizarin, leucoquinizarin, the required arylamine, and 
boric acid in aqueous alcohol ; Klein, CSP 2,410,405. 
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pF8S6nc6 of arsenic and boric acids, and sulfonating the product/ hjis 
excellent light fastness (7-8) and moderate fastness to milling (3). Thv 
Alizarin (Jyanine (iroens can be applied by any of the chrome-develop- 
ment processes, and the milling fastness is thus increased a grade. 

Alizarin Viridine FF (Schmidt, 1804) (By: (’1 1084), uhich dyesgre(Mi 
on chromium mordant, is prepared by hcjiting Alizarin Bordeaux B 
(l,2,5,8-tetrahydro\yanthraquinone)'* ith p-toluidine in ])resence oi 



zinc dust, hydroehlonc acid and boric acid at ahoul OO*^, followed by 
sulfonation.’ 

Anthralaii Violet 3R and IBF aic uilcresling dyes ^\hlch contain 
phenoxy groups, they dy(‘ clear \iolot slunlcs and are prepared from 
2,3-dieliloro-l,4-diaminoanthi{U|Uinone (II) Foi the 3U bland (1,1- 
diamino-2,3-dipheno\yanthnuiumone sulfonic acid), (11, one pari) is 
heateil with phenol ((i.2o parts) in presence of jiotassium carbonate at 
165 108° for 10 hours, and the product is sulfonated with I 2^^ oleum 
The 4BF brand is prepared by heating (II) nith ph(»nol (5 5 parts), 
sodium sulfite (3), manganese dioxide (0.25) and water (10) at 110° in an 
autoclave.’ Bright reildish violet dyes, which dye wool from an ammo- 
nium acetate bath in shades of excellent fastness to wet treatments and 
good fastne.ss to light, are obtained by sulfonating the condensation 
product of 2,3-dichloro-l ,4-diaminoaiithrafiuinonc with the sodium salt 
of p-hydioxydiphenyl or 3-hydroxydibeuzofuran.'’"’ 

The absorption spectra of Toluidine Green (Alizarin Cyanine Green 
5G), Toluidine Blue, homologs of the latter, analogous compounds con- 
taining substituents in the 0,7-posit ions, and the isomeric 3'-sulfonic 
acids, have been examined.®* The efTeet of changing the position of tin* 
sulfonic groups from 2' to 3' is a fall in the absorption curve in the far red; 
and the influence of the position of the sulfonic group m these dyes, as 
w^ll as a wider range of acid anthraquinone dyes, has been related to the 
possibilities of hydrogen bonding. Halogen atoms and hydroxyl groups 

Slinger, Tatum, and ICI, BP 619,034. 
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in flf-positioiis have a mwch greater effeet on the absorption curves of this 
type of dye than the same substituents in 0-posit ions. In connection 
with their work on the constitution of Toluirliiie Blue and (ireen, Allen, 



Frame and \\'ilsoii ha\ (lv\ dop<‘d pio( eduie'' tor icduetive and oxidative 
hydrolysis which should he n^clul foi dc^rad tioiiN m the anthracjinnone 

SCI ics.®^ 

I^\ heating Fuipiuin with anilnu^ in pic^scin'c ()f lioric acid at lOO'’ for 
a hours, the i:^-liydi()\vl and nne ol the o-hydio\vls arc replaced, and 
the dye obtained bv sullonation is Alizaiin Hlu(‘ Hla(‘k B (liy; Cl 1083; 
(Solway Blue Black li, ICl), wlncli is j)i()l)abl\ the indicated mono- 
sultonate/ The unsullonated eompound can also be prcjiared by con- 
densing 2-bionio<|ninizann with aniline Mizaiin Blue Black B, dis- 
(‘overed by Schmidt in IS91, has continued to l)c a \ery \aliiable and 
largely used dye for fast giav and black shades on wool Xit ration of 
Vlizarin Blue JMack B yields Alizarin Fast IMack T 

When l-bronioalizarm-2 -sulfuric cstei'' are eondensed with aryl- 
amines and sulfonated, the pioducts viehl hhie-green, gray or black 
shades by afterehroming.®" The analog of Aiizaiin Light C»rey 2BL 
piepaied by siilfonating l-amino-4'-hydio\y-Ll '-diantliiimide gives fast 
bluish gray shades It has also been leponcd in a much earlier patent 
that sulfonattMl l,r-(lianthra(iuinonylamines containing 4-araino and 
t'-bydroxy groups arc gray black w'ool dyes faster to light than the 
corresponding dihydroxy compounds (’hronic colors arc obtained by 
the mtruduetion of salicxlu* acid residues Thus 5-amnio-2-hydro\y-3- 
Milfobenzoic acid is coiideiisi'd with 2, t-dichloro-l-h> ilioxyaiithraiiuinonc 
to produce a reddish blue aflercbrome d>»*, and with LS-dichloro-1 ,5- 
dihydroxyanthraquinone to prodm^e a bine <1>(* whii li becomes green on 
cliroming.^® 

Alkai, Frame, niul W-Isoii, ./ (hq Cfum 6, 737 (I'Ml) 7. h3, OS, loO (1042) 

" IG, GP Anm. J. 52,03a. 

*** Wiicrtz, Whclon, and du Pont, FSP 2,310 143 
'•Sandoz, GP Anm J. 4C,55t 

Ki, BP 482,130 , 483,313 401,802 
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Heterocyclic Derivatives 

Heterocyclic ring systems derived from anthracene, which are 
encountered in acid and vat dyes, belong to three main types, and it is 
convenient to refer to them by trivial names, illustrated by the following: 
(1) Compounds in which a heterocyclic ring is fused to the 1,2- or 2,3-posi- 
tions of anthra(iuinone ; c.g., 2,1-pyridino-anthraquinonc (1) and 1,2-imid- 
azolo-anthraquinone or anthraciuinonc-imidazole (H). (2) ('ompounds 




in which anthrone is fused in the 1,9-positions io pyridine, pyriniidiiu*., 
thiazole, pyrazole, etc.; e.g. pyrimidaiithrone (III) and pyrazolanthrone 




(IV). (3) Compounds in which anthrone is fused in the 1,9-positions 

to a or pyrimidone ring; e.g. anthrapyridone (V) and anthra- 

pyrimidonc (VI). 



Anthraquinone derivatives. When Alizarin Blue (pyridinoalizarin) * 
is submitted to the prolonged action of 70% oleum, the Bohn-Schmidt 
reaction and sulfonation both take place, and acid^mordant dyes su(;h 
as Alizarin Green X'(BASF; Cl 1071) and Alizarin l^lue-Oreen (mainly 
monosulfonic acids of hydroxy- and dihydroxy-Alizarin Blue) are 
obtained. These give moderately fast bluish greens on chromium, 
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used at one time for wool dyeing and calico printing. When 1-benz- 
amido-4-i3-naphthylaminoanthraquinone is dissolved in concentrated 



sulfuric acid, the product is a sulfonic acid of the carhazole (X'll), and it 
dyes wool in red-brown shades.^^ If r)-chloro-4-amino- 1-ben zamido- 
anlhrafiuinone is condensed with j£i-naphthylamine, and the re^sulting 
naphthylaminoanthraciuinone is treated witljt oleum, it is cyclized to the 
carbazole and sulfonated in one operation, and such products iire gray 
wool dyes.'- A fast brt)wn dye, probably a sulfonated cari^azole, is 
obtj?ined by the action of oleum on l-benzamido-4-/>-benzeneazoanilino- 
2-inethylanthraqiiinone.^^ 

Anthrone derivatives. The more valuable heter()(‘yclic compounds 
of this group arc 1,9-dorivatives of anthrone; and their special interest 
lies in the shades. While the acid and acid-mordant antlmuiuinone dyes 
are largely blue, green, gray and black dyes with a few exceptions such 
as sulfonated Alizarin, rvd and other shades are available among these 
anthrone derivatives. An important example is Alizarin Rubinol R 
(Thomaschewski, 1907) (By; C\ 1091) (Anthralan Red 3B, l(r) (Solway 
Rubinol R, I Cl), which dyes red shades on wool and silk with light fast- 
ness 0 and milling fastness 2 3. It is prepared from (^'I1I), which is 



cyclized to the anthrapyridone by means of boiling caustic soda solution; 
bromine is then replaced by the p-toluidino group and the product is 

Sandoz, FP 752,280. See also ICI, Ix)dKe ami Stei)hon, BP 007,328. 

’*Liilek, Buxbaiiin, and du Pont, USP 2,318,174. 

'* Lowe, Robson, and ICI, BP 560,988; Lodge, Wardlcworth, and ICI, BP 635,955. 
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sulfoiiated. Further sulfonation of Alizarin Rubinol R gives Rubinol 
GW. Replacing p-toluidine by aniline and m-chloroaiiiline respectively 
in the preparation of Alizarin Rubinol R, the products are Anthralan 
Red BBT (IG) and Alizarin Rubinol 5G (IG); the latter has been stated 
to be a disulfonic acid.'* Alizarin Rubinol 3G is prepared by the further 
sulfonation of Anthralan Red BBT."* Several 3-azabcnzanthrone or 
anthrapyridone dyes, which carry substituents in the 1 -position and are 
not particularly fast to light, have been recently descTibed.^®*' Sandoz’^ 
prepare anthrapyridoncs bj’ the condensation of ethyl malonate or 
acetoacctatc with 1-aminoanthraquinones. Tlie replacement of the 
.V-methyl group in Alizarin Rubinol R by an aryl group h'ads to improved 
fastness to perspiration.^*^ Alizarin Goranol B (IW, 1012) (Alizarin 


() 



II 

N-^NMe 



Astrol Violet B, IG) is a reddish violet dye coiilaining a pyrimidotie ring; 
condensation of U7;-toluidino-4-methylaminoanlhra(iuinon(‘ with urea 
in boiling phenol gives an anthrapyrimhlone, which is then sulfonated.'*^ 
The bright heliotrope shades on wool and silk are rendered bluer and 
faster by afterchroming. 

While these heterocyclic derivatives of anthrone carry sulfonic 
groups in attached aryl residues, a type in which the sulfonic, group is in 
the anthrone nucleus has been described. An example is the disulfonic 
acid of (IX), which is a reddish yellow dyo.^"^ 

6-Aminopyrimidanthrone (X) is a useful intermediate from which 
the yellow vat dye, Indanthrene Yellow 7Glv, is prepared. IG have 
found that remarkably bright orange to red acid dyes (e.g. XI), with 
very good light and weather fastness, can be prepared from (X) by the 

Allen et aL, JACS 72, 586 (1950;. 

Sandoz, BP 377,632; 380,078. 

Lodge and ICI, BP 525,091. 

IG, BP 303,631; ST 1211 nic'ntions this dye without the A^i-methyl group. 

” IG, GP Anm. J. 60, 363. 
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imlicatod reactions.’''* Pyrimidaiithrone derivati\'t\s are obtained by 
applying the usual methods for pyrimidanthrono formation to amino- 
anthraquinoncsulfonic. acids and yield greenish-yellow dyes.’® Orange 
wool dyes arc produced by sulfonating the anthrapyridazones (XII). 
(5-(/hloro-2-phenylanthrapyridazonc (XIII) is obtained by condens- 
ing 4-chl()roanthraquinone-l-carboxylic acid with phenylbydrazine.’*" 



o- Amino- l,9-thiazolanthrone-3-sulfonic acids yield yellow, orange, red- 
brown, or violet shades fast to light, and have excellent level-dyeing 
properties.’^ Jiy condensing o-halogenopyrazolanthrones with aryl- 
amines and sulfonating the aryl group, yellow to orange dyes are 
obtained.®’’ 

See also Warclloworth aiul ICl, BP 035,10-1. 

IG, FP 707,904. 

Coffey, ICI et a/., BP 615,837. 

” IG, GP Anin. J. 53300. 

Deiiiet and du Pont, USP 2,133,432. 
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Alkyl Sulfuric Esters and Sulfonic Acids 

Water-soluble sulfuric* esters of hydroxyalkylamirioiinthraciuinoiies 
have been described in Chapter XXVII as dyes for cellulose acetate, 
and dyes of this type are often applicable to wool and nylon. Two 
important derivatives of 1,4-diaminoanthraciuinone which are sulfuric 
esters are Alizarin ITranol 2H and U (By; ST 1209) (Berchelmann, 
1909).''*® They are briglii blue acid dyes with moderate fastness to 
o 

II NHCH,CHaOH 

Alizarin Uranol 2B 


|j NHCH.CIIa-O-SOaNa 



light; and are prepared by the Milfation ol tin* condensation ]»ro(lllct^ 
of 1 ,4-diaminoanthracjuinone with ethylene oxide and epichlorh 3 "drin 
respectively. Alizarin I'ranol BB (IC) is the o-nitro derivative of 
Uranol 

Sulfuric esters of l-amin()-4-d-h3"droxyetln)xyanthra(iiiiiiones, which 
may be substituted in the 2-position b^*^ halogen, aiylox^", or alkoxy of 
not more than 5 carbon atoms, are red dyvs for wool and celhdose acetate. 
Sulfuric esters of l-amino-4-alkylaminoanthra(iuiiiones, in which the 
alkyl group is --■CH((/H 2 H)“ R' -Oil (R being H or alkyl, and R' an 
alkylene group), dye w’ool in bright bluish violet shades.”^ When 
Quinizarin is condensed with hyclroxydimethylamiiie fXHMe CII 2 OH) 
so as to replace both the hydroxyl groups, and the bis-hydroxyalkyl- 
aminoanthraciuinone is sulfated, the product is a blue, light-fast, level 
dye.^*^ Quinizarin derivatives substituted by chlorine in the 0 or 0,7-posi- 
•0“ Bayor, DRV 218,571 ; 220,027; 235,312. Hi-o also Hof. H. 

Tatum and ICT, BP 557,450; 558,433; USP 2,415,377. 

liodgc, lx)wc, Tatum, and ICI, BP 540,383. 
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tions lead to acid colors which are fast to light and which do not undergo 
a change in shade towards red in artificial light. An example is (I) 
which dyes wool a very brilliant blnc.^** 

0 



II NHCHMeCHiOSOsXa 
(I) O 


Hlue dyes with good fastness and leveling properties, which are deriv- 
atives of 2-niethylanthra(piinone-w-sulfonic acifl, have been described. 
These are prepan^l by the replaeemcnit of the w-chlorine substituent in 
l-chloro-2-chlorornethyhuithraquinone by the SOyNa group, treatment 
with ammonia or an amine, bromination in the 4-position, and condensa- 
tion with an arylamine.*'' 

Aminoanthracpiinonesulfonic acids can be converted into the sulfonyl 
I'hlorides l)y means of phosphorus pentaeliloride without affecting the 
aruni. groups. Sulfonamides may thus be prepared readily from 
4-bromo-l-aininoanthra(iuinone-2-8ulfonic acid, and further condensa- 
tion with aromatic amines containing sulfonic* groups provides another 
extension of the range of acid anthratpiinone dyes. The amine used for 
the condensation with the sulfonyl chloride may he a sulfonic acid such 
as A^'-methyltaurine (XllMe— C 2 H 4 -S() 3 H ). and the 4-aryl residue then 
need not carry a sulfonic group. Mercaproanthracpiinones react with 
halogenoalkylsulfonic acids to yield ])roducts dyeing yellow, violet, blue 
or gray shades according to the other substituents present. 

Dyes with High Fastness to Milling and Potting 

Two types of wool dyes discovered by I Cl (H)3I 1938) which are 
characterized by excellent fastness to severe wet treatments contain 
o-aminothioglycolic acid or lu'avy alkyl groups, The.se two devices can 
be employed in the anthraciuinone as well as the azo series (see Chapter 



II NHPh |1 NHPh 

(I) O (II) 0 

Sandoz, BP 571,673; USP. 2.386.309; SP 229,186: 234,787; 234,950-1. 
IG, GP Anm, J., 49 , 887. 

IG, BP 397,190. 

IG, BP 399,095. 

IG, BP 461,098. 
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discussed earlier, and several members of the Carbolan class (ICI) (e.g. 
Carbolan Violet 2RS, Blue BS and KS, and (Irecn (JS) are tlius con- 
stituted.® chain alkyl group may l)e on a nuclear carbon 

atom, or may be attached to ox 3 'gen as an ether or ester, or to nitrogen 
or sulfur. While the presence of the alkyl group has a marked influence 



on the fastne.ss to milling and potting, the color of the dye is but little 
affected. l-'/soAmylamino-l-(p-«-butyljanilinoanthraquinone yields a 
h»*igl^* bluish-green wool dye on sulfoiiation.-'-^ The violet to blue dyes 
obtained by brominating and sulfonating l,4-6i.s*-p-butylanilinoanthra- 
quinones, in which one or both ?}-biitylanilino groups may carry methyl 
groups, are fast to severe milling."' IC’I combine brightness of shade 
with outstanding fastness to washing, milling, and light in the violet 
and blue rlyr^'^tiifTs obtained by siilfonating antlirafpiinonc df^rivatives 
substituted by secondary amino groups which carry aralkyl or aryl 
residues. Thus Icin^oquiiiizarin is condensed with a.ji-diphenylethyl- 
amine to obtaifi (\M), which on sulfonatiori yields a fast, bright blue 


Ph 

II * 

II NH-CH— CH:Ph 


ODD 


II NH— CH— CHsPh 

(VI) o 


djie;“‘ <m«.s-2-b(‘tizylc}'cloh(ixylamiuc cun be used for a similar purpose.*'* 
IG obtain high washing fastnc.ss by replacing the arylamino groups 
in anthraquinone acid wool dyes of the Alizarin Direct Blue A type by 

“BP 430,160 ; 437,266; 433,776; 449,010-2 ; 4.52,203: 477,535: 483,325: 484,000. 
See also llarrLs, Marriott and Smith, JCS 1838 (1936). 

Ileslop, Tatum, and ICI, BP 477,293. 

“ ICI, BP 446,819; 514,770; Sandoz, BP 494.802. 

“ BP 491,493; 497,016. 

“ Buckley, Piggott, and ICI, USP 2,426,547. 
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aminopyrene.®^ Bcnzanthronylaminoanthraquinones, which are inter- 
mediates for vat dyes, have been sulfonated to obtain gray to brown 
wool dyes, which are particularly fast to acid milling.^** 1,4-Di-p- 
toluidino-o,G,7,8-tetrahydroanthraqiiinone, prepared from tctrahydro- 
quinizarin dimethyl ether, yields on sulfonation a grcMni wool dye which 
has good fastness to washing and fulling,^'* and sulfonation of l,4-6i«-p- 
phenoxyanilinoanthracpiinones also yields vorj" fast (ly(\s<iilTs.“’" 

The sulfonic group in l-amino-4-arylamin()anthra(iuinono-2-sulfonic 
acids may be replaced by Oil, where 11 contains 8 to 20 carbon atoms, by 
heating with an alkali-metal derivative of the (‘orres[)on(ling monohydric 
alcohol. After resulfonating (in the arylamino group), vioh't shades of 
improved fastness to washing, milling and potting are obtained (cf. 
Carbolan Violet 2K).''‘' 

9- IG, FP 837,558; soo also CiUx, BP 51 1,(;37 

Sando/., BP 508,742. 

IG, BP 510,010. 

GeiRy, BP 487,830. 

Lo(Ik(*, Liiiiisiien, and IGI, BP 130,100. 
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ANTHRAQUINONE VAT DYES 

(iKXKRAL 

111 an attempt to prepare an aiithra(iuinone analog of indigo, Bohn 
(ItiOl) .studied the cyelization of the eondensation product of #i-amino- 
anthraquinone and eliloroaect ie acid hy means of caustic alkali, and 
obtained a blue dye, which he named indauthrene (a portmanteau word 
from indigo and anthracene). As the (‘hemical name for Bohn\s blue 
dye, indanthrone is now pn‘ferred to indauthrene, since it indicates the 
(|uinone structure and distinguishes it from the trade name of the Indan- 
threiuss. Bohn wiis soon able to show that the alkali fusion of J-amino- 
aiiihraquiuone itself gave the* same product, which was therefore n<jt an 
indigoid dye. He had .synthesized a new class of vat. dye, which had the 
constitution of a dihydroaiithracjuinoneazine, and this was fully con- 
tinued by th(‘ later work of Scholl on indanthroiu^ and its derivatives. 
With the amalgamation of the (lerman rlyemakers into the Kl in 1924, 
Indanthnnie was adoiited as the group name for vat dyes with the maxi- 
mum all-round fastness, Bohn’s disc(»very was a landmark in the hi''tt>ry 
of synthetic dyes, as well as the (‘otton t(‘xtile industry, .since indigo and 
Tyrian pur[)le were the only vat dyes known during th(' preceding 
centuries, 'flu* acid aiithraiiuinone dyes and the azo dyes had already 
provided the wool and silk dyer with an extensiM' range of fast dyes, but 
the position in cotton <lyeing was very dilTerent. With alizarin as almost 
the only exception, there was a complete lack of fast dyes for cotton; even 
indigo gave shades on cotton which were inferior in their fastness to the 
shades on wool. The anthra(iuinone vat dyes were therefore a develop- 
ment of the utmost importance for the (*otton industry. Indauthrene 
Blue and the series of the anthracjuinonoiil vat dyes w'hich followed it in 
rapid succession p()sses.sed fast U(*ss pn»perties of unsurpassed e\(*ellence, 
representing indeed a degree of permanence often greater than that of 
the fibers themselves. While the anthraquinoni‘ vat dye's in the com- 
mercial range undoubtedly represent the highest standard of all-round 
fastness yet attained among organic* coloring matters, it is important to 
remember that a vat dye derived from anthraquinone is not to be auto- 
matically regarded as possessing the liighest fastness to all agencies. 
There are wide variations in the fastness properties of the anthraquinone 
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vat dyes, and the dyes in the commercial range are a relatively small 
group carefully chosen from among thousands which have been made 
and examined in the research laboratories of dyestuff manufacturers. 

At the present time the anthra(iuinono vats'"® include a wide range of 
shades from yellow to black, and some of the outstanding examples in 
chronological order have been cited in (^hapter I. The sliades produced 
on cotton by the anthraciuinone vat dyes in the early years of their manu- 
facture were imdined to be dull, and to compare unfavorably in this 
respect with the brilliant basic dyes. (Continuous improvements in 
manufacture, as wcdl us the synthesis of new nnnnbers of the series, have 
now made several anthra(iuinone vat dyes available which are comparable 
in brightness to Auramine, (Crystal Violet, and other basic dyes. There 
has been continuous improvement in the purity of the intermediates 
used in the manufacture of the vat dyes; and another factor whi(*h has 
resulted in brighter shades is the development of methods of i)urification 
of the dyes themselves, such as separation from sulfuric acid solution and 
oxidation of the impurities by means of hypo(*hlorite or dichromate. 
However, the brilliance and intensity of the azoic s(‘arlets and reds and 
the basic blues and greens have not yet been attaiiH*d. Fastness (*on- 
sidcrations justify the use of the anthraciuinonoid vat dyes, l)ut as a class 
they are expcTisive, (‘specially because many of them (e.g , r(»ds, browns 
and blacks) have to be used in high percentaa,t's on tlu' weight of the yarn 
for dyeing full shade-s. In larg(‘ scale dy<Mng and printing, the vat dyes 
present special problems, and although most of These have now l)een 
solved, the application of the vat dyes .still re(|Uires considerable skill 
Many yellow and orange vat dyes of the anthraciuinone series accelerate 
the degradation of cellulose by light, and dyes for the production of lemon 
or greenish yellow shades with the maximum light fast m^ss and complete 
absence of the tendering effect remain to be discovered 

It has been computed that about a fifth of the world consumption of 
dyes consists of the anthrafiuinone vat colors, which therefore occupy a 
place which is second only to the azo dyes from the commercial point of 
view. In money value they probably surpass the azo dyes. The prewar 
TG production of Indanthrenes was of the value of 200 million marks, 
exceeded only by the azo dyes. I'he Fnited States production of anthra- 
quinone vat dyes in 194() was of the value of $17,387,000 which may be 
^ Bohn, Bcr, 43 , J87 (11)10); Rev. yen. chim. 13 , 257 (1010). 

* Fraser-Thomson in Thorpo’s Dirtionary of Applied (*heaii»try, 4th od., Vol. 1, 

Longmans, London, p. 40-1. 

® Thorpe and Ingold, Vat Dyes, Ixingman.^, Ix)ndon, 1935. 

* Houben, Das Anthraeen und die Anthraehinono, Thieine, f^eipzig, 1929. 

‘ Kunz, Bull. Soc. Ind. MnlhonHe 3 (1934); Angew. Chem 62 , 2(i9 (1939). 

* Krftnzlein, Kiinstliehen organisrhen Farbstoffe, Ferdinand, Stuttgart, 1935. 
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compared with the value of 8110,748,000 for all the syjithetic dyes. 
Jud^;ed in terms of their fastness and their chemical interest as complex 
polycyclic compounds of varied types, the vat dy(‘s derived from anthra- 
(juinonc may well be rej^arded as the most important group among the 
syntlictic dyes. Before the first world war Ch^rmaiiy was the only 
producer of anthra(|uinone vat dyes, but strenuous efforts since made 
by (ireat Britain and the I’liited States have resulted in the large scale 
production of many of the dyes in both these countries.^ They arc also 
being manufactured at tin* present time in Switzerland, France, and 
Italy, and the Japane.se dye manufacturers had launched on the produc- 
tion of a narrow range of an1hrar|uinone vat dy(*s some years before 
World War II. 

Commercial names/ Originally introduced by BASF under the 
name Indanthrene, other Oerman inanufaf'tiner-N gradually began to 
market anthracpiinone vat dyes under names such Algol (By) and 
Vat (CirK); a few of the Helindoncs (^ILB) \\(tc anthrafiuinonoid vat 
dyes. Ultimately, J(i used the term Indanthrene for vat dyes with the 
maximuiu all-round fastness; although the great majority wer(‘ anthra- 
(luinone deriv^at ives, a few thioindigoids also found a place (e.g., Indan- 
threne Magenta B and Indanthrene Biilliant Pink H), and many of the 
Indanthnuie Printing colors belonged to the thioindigoid class. The term 
Algol was restricted to vat dyes, both indigoid and anthraquinonoid, 
which were suitable for dyeing cotton in shades wuth moderate to good 
fast iiess (light 4 -5 ; chlorine 3 ; alkali boil 3 4), but wnth fastnes's properties 
inferior to tho.se of the Indanthrenes; nearly all the Algol etJors in the 
current range are indigoid. The Helindones arc vat dyes, mostly 
indigoid, wduch arc more applicable to wool than to cotton, (’aledon is 
the K'l group name for the anthraciuinone vat dy(‘s, but a few are still 
marketed under the old name Alizanthrene (British Alizarine Uo.). 
The British firm of L.B. Holliday market a large range of anthraciuinone 
vat dyes under the name Paradone, Uiba market the anthraquinone 
vat dyes, including the sulfurized dyes in the senes, under the name 
C’ibanone. Among the names used by other Swi.ss manufacturers are 
Tinon ('hlorine (Uiv) and Sandothrene (S). Tn the Ignited States 
(lAFC and (H')U employ the IG names; the Calco name is Ualcoloid: 
du Pont Ponsol; and NAU Uarbauthrene. In this chapter the abbre- 
viated names of firms are not a<lded after the eommereial names of the 
dyes, sinee the relationships have been explained at this stage, and the 
bulk of the available information on constitution concerns Kt dyes. 

’ See Morton, History of the Dovolopment of Fast Dyeing and Dyes. 

'*Fox, Vat Dyestuffs and Vat Dyeing, Chapman and Hall, 1010, has taindatod tlie 

equivalents of vat dyes made by various dye manufiu’turer.s 
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Classification 

The ability of a coloring matter to function as a val dye depends on 
two fundamental characteristics: the property of the insoluble dye to vat 
or form a soluble alkali salt by reduction with an alkaline reducing agent, 
and the affinity of the leuco salt for textile fibers, especially th(‘ cellulose 
fibers. Oxidation on the fiber, usually with atmospheric oxygen, n'gen- 
erales the insoluble dye. The vats of the anthraiiuinone dyes are deeply 
colored, sometimes deeper than the parent dyes, the vat of the yellow 
flavanthrone for instance being blue in (*olor; the indigoid dyes give 
nearly colorless, yellow or pale brown vats. Anthraiiuinone itself vats 
with hydrosultite and caustic soda,‘^ but the introduction of certain 
groups and an incTcase in the moleiailar weight are n(»cessary for con- 
verting it into vat dyes. With the exception of a few dyes derived from 
pyrimidanthrone, all the anthraciuinone vat dyes contain a pair of 
carbonyl groups as a l,4-(iuinone or as part of a complex f|uinone system 
in a polycyclic aromatic (*ompound. Krom this point of view, the anthra- 
quinone vat dyes fall into two broad divisions: (a) anthrafiuinone deriva- 
tives and (b) unthrone derivatives in which the l,t)-positions an' involved 
in a new ring system. In (a) one anthracpiinone nucleus is adeciuatc' for 
producing a vat dye, although most of the t(M‘hnically important dyes 
contain two or more anthracpiinoiie systems; but in (h). with tin' excej)- 
tion of the pyrimidanthroiK's, the anthroin* unit has to bi* dcaibled in 
order to produce a vat dye. Further classificati(>*4 may be made on the 
basis of a characteristic group, such as an a<*ylamido group, the presence 
of heterocyclic ring .systems, the nature of the carlxx'yclic system, or th(‘ 
use of a common intermediate such as benzanthrone. Tin* present 
treatment classifies the anthrafpiinone vat dyes into the* following groups: 

(A) Anthraquinone derivatives: (I) Simple deiivativc^s of anthra- 
quinone: (a) AcylamidoanthraciuiruMies; (b) ( yanuric acid derivativ(‘.s; 
(cj Anthrimides; (d) Miscellaneous derivatives, such as dianthraquino- 
nylcthylene. (II) Compounds in which a heterocyclic ring is fused to the 
anthraejuinone nucleus in the 1,2 or 2,3-positions: (a) ('arbazoles; (b) 
Imidazoles; (c) Oxazoles; (d) Thiazoles; (e) Acridones; (f) Thioxanthones; 
(g) Anthraquinoneazincs (Indan thrones); (h) Phthaloylquinoxalines. 

(B) Anthrone derivatives: (I) Carbocyclic comi)ounds: (a) Pyrene' 
and Perylcne derivatives; (b) Benzanthrone derivatives; (c) Pyran- 
thrones; (d) Naphthodianihrones and Anthradianthrones; (e) Dibenzo- 
pyrenequinones; (f) Anthanthrones; (g) Miscellaneous homocyclic 
quinones. (II) 1,9-Heterocyclic deriv'^atives: (u) Flavanthrone.s; (b) 


• See Chapter III. 
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Pyrazolanthrones; (c) Pyrimidanthrones; (d; Aiithrapyridoncs and 
anthrapyrimidones; and (o) Miscollanoous helorocyclic compounds. 

StaNDAKDIZVTIOX op ANTHKAUriNONE Vat J)\es 

'Hio pliysical form of an anlhraquinonc \ at dy(‘ is an important factor 
which materially inlliKMices the ease of vattinj? and the affinity. A dye 
which has Ikhmi separaled in crystalline lorni from an organic solvent 
can oiler considerable difficulty in vatting and lead to poor sliadcs; both 
the vatting and dyeing properties an* markedly improved by dissolving 
the crystalliiK* dy(‘ in coinamt rated sulfuric acid and precipitating the dye 
by drowning in water. In a laboratory preparation the filtered dye 
should be usc<l without drying, since <irving in an oven, or even in the 
air or in a d<*siccator, is prejudicial to good vat ting and d5'’eing. Vatting 
may be further facilitated it nec'cssary by \\(‘tting with alcohol or pasting 
ith 'rurkey He<l oil. In technical practice, the dyes go through a process 
of standardization in which they are not only standanlized in their 
str(*ngth or conc<Mitration, but are also (‘onverted into suitable physical 
fonns loi dyeing or printing.^" ** The dye, isolated at the end of the 
chemical n'actions for its synthesis, may be dissolved in sulfuric acid 
and repre(‘ipitated; the shades of many dyes are considerably improved 
by a treatment with sodium hypochlorite or dii‘hromate solution at about 
05° for an hour or more with \igoroiis mechanical agitation; another 
procedure is to dissohe the dye in (‘oncentrated sulfuric acid containing 
about 0.2\' sodium nitrite, drown in water, add a further quantity of 
*sodium nitrile, and agitate at about 90° for an hour or two. The dye may 
he vatted and reoxidized; and vat dyes ()f high tinctorial power may be 
prepared by adding a surface-active <*ompound, Mich as an alkyliiaphtha- 
lenesulfonic acid, to the vat before reoxidatioii. The filter-press cake 
is made into an afpK'ous paste containing about 10^'f of the dye, mixed 
with about of a dispersing agent (e.g., a condensation product of an 
alkylnaphthalenesulfoiiK* acid and formaldehyde, alkali salts of phenyl- 
gly(‘ine and other amiiu) aci<ls,’- ethyl hydrogen sulfate and n^-ethoxy ethyl 
hydrogen sulfate),'-'’ and grouml in a mill. The ])aste may then be 
mixed with water and passt'd through a supercentrifugf*, again agitated 
in a vat with the ad<lition of more of the concentrated dye paste or of a 
second dye for adjustment of shade and strength, and finally sieved 

Soo also Cullitian, hytlo, and Aincrioan (.\V‘‘nnuni«i, I'SP 2,^75,821 ; 2.175,817. 

Iliserona, The Choiiiiral Technology of Dyeing and I^rinting, Hoinhold, Xew York, 
1948. 

"mT970; 1040. 

'*Tolmaii and Nation.al Aniline, TSP 2,OtSO,8;n. 

Kern and National Aniline, DSP 2, 1 4o, 19^1. 
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through lino-mesh screens mesh). A Past<‘ Fine brand is more 

finely divided than a paste brand. In Ihe preparation of Powder and 
Powder Fine brands, the paste is dried on a drum dryer or by spray dry- 
ing, mixed with diluents sueh as sodium biearbonate, anthraquinone 
(as a reduclion catalyst) and wetting agents, and powdered very thor- 
oughly in a keg mill or mieroi)ulverizer. Highly dispersible preparations 
are made by kneading a vat dye with a protective agent of defined type 
and a deflocculating agent and, if desired, drying and grinding the paste 
obtained.** Protective agents are defineil as the carbohydrate colloids 
such as dextrin, alkali metal silicate.^, pectin and colloidal clays. Speci- 
fied defhicculating agents are tannic acid, sulfonated diarylm(»thanes, 
ajjid the sodium salt of disulfodmaphthylmethane; when carbohydrate 
colloids are used as protective agents they may also act as deflocculating 
agents. When dispersing agents and diluents such as sulfite cellulose 
liijuor residues and dextrin are added, their retarding action in dyeing 
must be kept in wow. A preparation containing a vat dye in a finely 
divided state is mad(‘ by dissolving in a solvent of the group consisting 
of aliphatic monohydne or polyhydric alcohols and their ethers, aliphatic 
hydroxy carboxylic acids and esters of such acids, and thiodiglycol, or in 
a mixture of such .solvents, a cellulose derivative, an ester .salt of a leuco 
vat dye and an oxidizing agent, and treating the solution with an acid, 
preferably an organic acid, whereby the vat dye is reformcxl in a finely 
divided state from the ester salt.** 

A process de.scribed for producing a vat dye-powder with an auto- 
dispersive power of 85-90%, giving a practically complete colloidal 
dispersion in a(|U(xnis media or in printing pastes, contains a protective 
agent, a wetting agent, an antidusling agent and a diluent.*** A simple 
and efT(*etive method of producing vat dyes in a very highly dispensed form 
is to oxidize a solution of the leuco salt or the leuco sulfuric ester in 
presence of a protective colloid.*^ A novel method of producing a vat 
dye gel suitable for dyeing cotton is to dye wool with the vat dye from a 
hydrosultiie-alkali vat, dissolve the dyed wool in alkali, and acidify.*** 

For use in calico printing the vat dyes must be in a specially fine state 
of division, and special printing brands are often marketed. These may 
contain solvents such as diethyleiie glycol or various substances which 
improve the solubility, assist the vatting process, increase penetration,’ 
and produce higher color valiu* as well as brighter, clearer prints. Among 

Crossloy, Kienlc, Koyer, and Cairo, HP 474,827. 

Durand and Ilugurnin, BP 500,747. 

»• Cairo, FP 804,S00. 

Morton and CourtaiildH, BP 485,400. 

‘•Child, Thoma.s, and ICI, TSP 2,08I,7:i0. 
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many examples may be meiilioned sodium benzoate; sodium m(»nol>enzyl- 
or dibenzylsulfanilate; sodium alkyl phosphate.s;‘« sodium alkyl sulfates 
of specified types; sodium salts of o-inethylvalerif', 7 -metbylhexoic! and 
similar acids, thioglycolic acids such as PhMcjC S (’Il 2 C’()()H, mono- 
benzyl or monoalkyl phthalate,^** o-benzoylb(Mizoi(* acid and other ketone 
carboxylic acids or sulfonic acids;'^* «-Hininoa(‘ids (KXIICIlaC’OOH, in 
which R = II, Me or Ph);^- alkyl carl)ainates;“- o-hydroxybenzyl 
alcohol p-hydroxyphenylphthalide; -V-1 -anthrafiuinonyl-.V'-etha- 
iiolfumaramide and poiyethylenepolyainines (e.^., XH 2 -('H 2 C’H 2 “ 
XII CIUCU 2 XHa).-'® 



The riuprafix dyes (1(1; consist i‘ssentially ot mixture'^ of a ^'at dye 
(sometimes as the leiico compound), sodium benzyl''ulfanilate (Solution 
Salt JI), and a booster (such as 2 .fi-dihydro\yan(hra(iuinono or ferrous 
sulfate). A typical procedure for th<‘ lU'cparation of a Suprafix is to 
mix in a lead-lined vessel j^lycerol (30 parts), Solution Salt B (10). ferrous 
sulfate ( 2 . 0 ), Kumtraj!;acanth solution ( 10 ), Preventol (an antiseptic 
to prevent mold formation and putrefaetion), and the dye ( 10 ): the 
mixture is then worked in a colloid mill and sieved. 

Vat dye pastes are usually lO^J in strength, a “doubh* paste” 
being 20^^. The powder brands are of the f>r(ler of in strength, 

hut wide variations may be encountered. The dyer prefers powtler to 
paste brands since the fornuu* is easier t(; handle and ^^cMgh. Paste 
brands are also difTicult to store; the paste m 'v dry up partially and the 
product may become heterogeneous in its dye content, so that intimate 
mixing will again Ik* neci'.-ssary before \ise Th(* pn»sent tendency there- 
fon* is to market powder brands, but in such a tine state of division that 
they disperse very readily in water. 

’’1(5. HP 508,551. 

Pont, rSP 2,059,215, 2,175, S21: 2,171, IS(>: 2.20:>.0;C2. 

Kmi and National Aniline, PSP 2,071,150. 

Kicnlo and Ainick, USP 2,421,022. 

-Mu Pont, rSP 2,079,788. 

Woiland and Stallman, t\SP 2,078,800. 

*’ Kienlo, Ainick and American PyaiKU^Kd PSP 2,571.105. 

"" Clark and Allied (5iomicnl and DycstulT. PSP 2,280,202. 

DisereiiN, Teintex 2 , :U1, 107, 175 (19:^7): PSP 2,009,215. See also Herlhold, 
htelUand TfxUtbrr. 31, 422 (1950). 
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CiENERAL Properties and Heactions 

The anthraciuinone vat dyes are in general difficult to obtain in 
analytically pure condition because of their high molecular weight and 
sparing solubility in organic solvents; since few of them have melting 
points and most only decompose at high temperatures, there is no simple 
method by which the purity of a vat dye can be determined. The 
treatments mentione<l earlier in connection with standardization, such 
as precipitation from sulfuric acid, vatting and reoxidation, and oxidation 
with sodium hypochlorite or with dichrornate and sulfuric acid, are 
obviously useful also as methods of purification. The sparing solubility 
of the anthraquinono vat dyes in the common organic solvents may be 
utilized for removing the intermediates from which the dyes were syn- 
thesized and by-products of rclati\ely low inole(‘ular weight and greater 
solubility. Many of the anthiuuiuinonc vat dye.s are crystallizable from 
high boiling solvents such as nitrobenzene, n-dichlorobenzcMie, trichloro- 
benzene, phenol, cresols, o-chlorophenol, and ([uinoline. ].iarg(* \ olunies 
of solvents and suitable arrangements for hot filtration of tiu‘ toxic 
solvents are necessary If impurities ha\(‘ becni lurg(*ly rtnnovtMl by 
prior treatments and the object is to produce the dye in crystalline form, 
the dye may be refluxed for a few minutes with a hmitc‘d amount ol a 
solvent, such as trichlorobinizeiu*, and left to cool; large* crystals are often 
formed in this manner. Prolonged agitation with 01 sulfuric 

acid is a method by which large crystals are sometimes formed; the acid 
is then diluted to 0*2^ f and filten*d, when rapid filtraticMi takes place. 

The anthraeiuihone \at dyes give deeply colon*d vats which \ary in 
color oxer a wide range*. When the alkaline solution is acidified, the 
leuco compound is characteristically e'olorcd, if obsorve'd imm(*diately, 
before turbidity due to separation of sulfur appears. Both indigoid 
and anthraiiuinone vat dyes give characteristic colorations in concen- 
trated sulfuric acid and in nitric acid, and utilizing these four color 
reactions, preferably carried out on the dyed fiber, it is possible to identify 
many of the commercial vat dye^.-'' The (*olor of some of the dyes 

in concentrated sulfuric acid undergoes a characteristic change on the 
addition of a little potassium persulphate, or divanadyl trisulfate,’* 
or nitric a(‘id. The dy(*d fiber, treated successively with acidified per- 
manganate a^ (I hydrf)gen peroxide, undergoes color changes which are 

dll Pont, USP 2,l80,2t)9. 

Herzog, Reaction.stabelle dor Kupenfarbstoffr, 2nd ed., \Vrpf, Basic, 1941. 

Bradley and Derrett-Smith, J. *Sor. Dyers Colourists 66, t)7 (1910). 

Jones and Kilby, J. Sor. Dyers Colourists 41, 127 (1025). 

Mathowson, Am. Dyestuff Reptr. 37, 725 (1948). 
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useful as supplementary tests, partieularly for eertain groups of dyes 
sueh as the haloj>cuated indaiitlironos and bcnzan throne derivatives. 
Tlie diliu'iits present in the commercial dyes may affect the color, par- 
ticularly in sulfuric acid if the dye is exaniin(*d in substance, and although 
these diluents aie usually water-soluble and tliereforc readily removable, 
it is the common and convenient practice to take up the dye on cotton 
yarn before examination. Jlerzog’s tables include nearly 400 vat dyes, 
and Bradl(‘y and l)(»rrett-Smith have talnjlated the prf»perties of 813 vat 
dyes. Dry-heat tests and ob.servalioii of the vapors evolved, the indi- 
goids being volatile and the anthracininoiioids generally nonvolatile, and 
solubility in pyridine* anel olln*r solve*nts, are useful for ideiitiffeation.®® 
Various other le.sts which di.stinguish individual vat dyes have been 
mentioned:'*’ wanning with a solution e>f boric acid in sulfuric iicid; adding 
hydrogen j)<*ro\id(‘ to a solution in nilrie* acirl; treatment with sulfuric 
aeid and potassium iodate: treatm(‘iit with alcohol and stannous chloride 
and obs(T\ ing the fluoiVM'cncc under an ultraviolet lamp: dissolving in 
piperidine and obser\ing tin* tluore.M*ence: and the action of hydrosulfite 
ajid I anst i(‘ soda solution (to which pyridine or piperidine may be added) 
in stripping tin* dye* fremi the fiber. 

Ihiseel on ids e)bse*rvation that me)st azoic anel indigoid dyes form salts 
or e-oordinatie)!! compounds with alkali^ in presence of dry pyridine, 
Hraelley has shown that many anthraeiuineme inte^rmediates and dyes 
undergo e*olor e*hang<’s» gi\ ing exieiein'o of the feirmation of potassium 
salts e>r of (■oen<linatn)n e'ompounds ot potassium salt^ and pyridine, 
wlu‘n a drop of ine*thane>lie* pota^ssium hydroxiele is adeleel to a solution 
e)f the anthra(|uineine deri\ali\e in dry pyridine.^’’ lie has related the 
charae'ter of the eeilor change and the .stability o\ the alkali salt or cejordi- 
natieni e’emipeaind to the e*e)iistitution of the dx c, anel e.specially to the 
pn*se*in*e of hydre)\yl groups and acidie* imiiio gremps. Interesting 
diffe'renc(*s are ne)tie'e*d betwi'en the behavior of a- and d-aminoanthra- 
eiuineme, their ae*yl dorivati\Ls, the ae-yl eleri\ativeb of the me*thylamino- 
autliraiiuinones, anthrimide's and the corre*.spoinling carbazoles, indan- 
threme and its N-alkyl and hale>genateel derivatives. 

^Mixtures of vat dyes are naturally more difficult to identify, and 
th(\v jiresent problems which have so far been little investigated. Blow'- 
ing the dyestuff poweler on the surface of concentrated sulfurie acid in a 
l)orcelain dish is the usual test for detecting the l‘«*t('rogeneity of the 

’ Derrett-Smith anti Cico, Su-ioty of Ihcrs ami (‘olonn-sls S\ ini>Ohium on the Theory 

and Practice of Dyeing, P.)17, p. 117. 

‘'(jrcen and Frank, ,/. Soc. Difvrg 26, 811 (11)10). 

for examph* lilOS 763. 

’’ Bradley, J, Sor. Dyrn^ Colourif*t:i 66, 200 (1910), 67, 9 (19*11); 68, 2 (1942). 



870 


\NTURAQUlNONK VAT DYKS 


dyestuff, as indicated by the appearance of more than one color in th(» 
acid; but it is clear that the success of the test depends on the intimacy of 
the admixture of the constituent dyes, and dyes which have been dis- 
persed together by an efficient technique of standardization will not 
respond to the test. Color reactions, used in conjunction with the 
colorations of made-up mixtures of the suspected constituents, provide 
useful clues, but a definite identification of the individual dyes requires 
that they should first be separated. Separation may be sometimes 
effected by fractional precipitation by dilution of the solution in sulfuric 
acid, depending on differences in the basicities of the dyes. A generally 
applicable method for the separation of vat dyes is chromatographic 
adsorption on filter paper or a column of powdered cellulose, using 
aqueous tetramcthylenepentamine containing sodium hydrosulfito for 
dissolving the dyes un<l for developing the chromatogram (sei' also 
Chapter 

(Jeake'*® has carried out redox titrations of vat dye systems, and fiom 
the curves connecting the potential ^\ith the fractional oxidation of tlu* 
quinol, which is the normal component of the n^duced vat, he has pro- 
duced evidence of the formation of the intermediate semi(iuinones, (\spe- 
ciallj" when titrations are done in presence of pyridine. In the absenct^ 
of pyridine, semiquinoiie formation is indicated by cohir changes, pai- 
ticularly striking with 2,3,7,8-dibenzopyrene-l,()-(iuinone (Indanihrein* 
(Jolden Yellow (Uv) where the quinol is a clear red and the final (luinoiu* 
golden-yellow, but the serniquinone intermediate product is blue Polar- 
ographic studies of anthraciuinones have show n that semiipiinone forma- 
tion is often mado evident by separate waves or by unusual wave form 
The normal redox potentials of unsiibstituted carbocyclic (luinones are 
related to the resonance energies of the quinone and the coriesponding 
hydroquinone. Michaelis'*’' has shown that the ions of semiqiii nones, 
such as (I), the halfw^ay stage in the reduction of durociuinone to duro- 



Ilao, Shall, and Venkataraman, Curr€nt Set. (Indta)^ 20, 06 (1051). 

®*Geake, Trans. Faraday Soc. 34, 1395 (1938); 37, 68 (19U); Appleton and Cicakc, 
ibid. 37, 46, 60 (1941). 

Furman and Stone, JACS 70, 3055 (1948). 

« Mirhaelis, Chem. Revs. 16, 243 (1935); Miehaelis el a/., JACS 60, 1678 (1938). 
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hydroquinone, can exhibit considerable stability. The hcmiquinones are 
usually stable only in alkaline solution, the ion being stabilized by 
resonance between the equivalent structures (I) and (11). When a vat 
dye containing two anthraquinone systems (e.g the diphthaloylcarbazole, 
ludanthrene Yellow FFHK; is vatled, semiiiui nones will have increased 
stability, since it is obvious that a structure sinh as (III) for a semi- 
(luinone ion can resonate \Nith three equi\al(Mit .<«truetures in A\hich the 
odd electron is on each of the otluT three ovygen atoms, in addition to 
resonance \\ith less stable structures in whuh tlie unpaired electron is on 
a carbon atom. Two other types of semiciuinones (IV) and (V) can also 
be formed before the ultimate stage of reduction to the ion (\'I) of the 
tetrahydro deri\ative is r(»ached. The halfway or dil^'dro stage of a 
diquinone should be r(‘latively more stable than the semiquinones (III) 
and (V), since the ion will be stabilized by resonance between the semi- 
(piinone structures, such as IV and VIII, and the quinonehydroquinone 



(V) (M; 



(MI) (VIII) 

structure (VH) in which all the electrons are paired. With indaiithrone, 
diseius.sed later, it is only the dihydro derivative corresponding to (VH) 
that is formed under normal vat ting conditions The important point 
that emerges from rSeake^s work is that semiquinones are also formed 
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when the diquinones are reduced, or when the leuco derivatives are 
oxidized; both the processes of reduction and reoxidation occur in four 
stages according as 1, 2, 3. or t of the oxygen atoms of the qiiiiioiie groups 
are attacked, (ieake has further studied the oxidation-reduction 
behavior of vat dyes in concentrated sulfuric acid, and has suggested 
that reversible oxidation generally leads to prodinds which are resonance 
hybrids of structures in which two electrons have been lost by various 
pairs of carbon atoms. 

Application of Antiiu vguixoNK Vat Dyes 

The anthra(iuinone vat dyes are applied to cotton and other cellulose 
fibers from a hydrosulfite-caustic soda v^at.'*''® Di'pending on the quanti- 
ties of these reagents and the temperature of vatting and dyeing, difTercnt 
processes are distinguished: further, the addition of c‘ommon salt or 
Cdauber salt is neccs‘<ary for dyes which liave ridatively low Mibstantivity 
for the fiber and do not exhaust well. Thus I(! (dassified the main 
dyeing methods as IX, IW and IK (Indanthrcne Normal, Warm and 
Kalt) processes (Table 1), in accordance with variation'^ in the caustic 


TABLK 1 


/Vorcss 


/\ 

IW 

IK 

Caustif soda solution 70'' Tw (S2 
pints per 100 gals. 

8 I.J 

, 25 h T) 

' -ifc 1 

2 5 5 

Ilydro-sulfite lbs. per 100 gals. 

For ilyeings using 

a) 1 2 5'r d\estufl’ 

b) 2 5 5^; 
fe) 5 lOS' 

d) 10 20% 

e) more than 20% dyi*.slulT 

1 2 lb•^. 

2 2^2 lbs. 

2*2 ll^v 

4 lbs. 

1 (i lbs 

1 

Common salt Ib.s. per 100 gals. 1 

j 

1 

1 None 

a) 5 ' 

b) 10 ' 

e) 15 

(1) 20 1 

e) 25 1 

50% moretli.in 
for 1 \V proee''^ 

Temperature of dyeing 

i 

50-00*^ 

45 50" 1 

18 25° 

Time of dyeing in minutes 


20 15 

SO 60 

.‘lO t*)0 


A committee of the Sf)ciety of Dyers and Colouriafs ha.s rorently reported on tlx* 
dyeing properties of vat dyes and has described migration and stnke-levelmg 
tests (see Chapter Xldl) for determining level-dyeing properl les; J. »Sor. 

Colour inis 66, 50,3 (1950). 
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soda and salt additions and in tho time and temperature of dyeing.*® A 
simpler grouping is into strong alkali and weak alkali dyes, and indeed 
the alkali concentration is perhaps the most .significant factor in view 
of its effect on the protein fibers and its influence on the rate of absorption 
of the vatted dye.*®® 

The percentages of dyestuffs in Tabh' I are the weight of dj^cstuff 
pastes of normal concentration for 100 l})s. of j'arn. Table I refers to 
dyeing yarn in an open beck in which the length of liquor is 1 to 20; and 
for machine dyeing, in which thi.s is usually 1 to 10, the quantities of 
caustic soda and hydrosulfite luive to be increased by about 50%. C‘loth 
is usually dyed on the jigger; larger amounts of hydrosulfite and caustic 
soda are nc'ccssary than for yarn dyc^ing, b(*cause of the repeated exposure 
of the impregnated material to air.*®* The classitication and the figures 
in Tal)le I are gen(*ral indieation.s, and the coiulitions actually used have 
to l)(* varied in accordance* \^ith requircTnents. Pa>te brands are vatted 
directly, but powder brands may have to be pasted with 'rurk(*y Red oil 
or other welting and emulsifying agents Ixdore reduction. The reduc- 
tion ol tiu elyestuff may be carried out in the total volume of w'ater to be 
\is(*d as (l.V(‘batli; a more convenieuit proc(»dure, especially for certain 
dyes, is to j)repare a conc'cntrated or “stock vat/' and add this in two 
portions to the dyebath which is pn*viously “sharpened “ or deoxygenated 
by the addition of a little hydrosullite and caustic soda The j)resence 
of an adecjuate excess of hydrostdfite and causti(» vSoda, in the absence of 
wliich the insoluble parent dye will precipitate, is te.sted for from time 
to time. Some of tlie anthra(iuinone vats (e.g., several of the violets, 
gn‘ens, and the IX type in gcaieralb having very high substantivity. are 
apt to be alisorbed by the liber too r.ipidly and to ^ive uidevel shades: the 
(lyeing process has then to be cmhU rolled by such devii'cs as adding the 
stock vat in several portions, increasing the length of the licptor, lowering 
th<* temperatun' of dyeing and adding retarding agents (e.g., glue, sulfite 
cellulose li(pior, or special ]u*oducts recommended by dye manufacturers). 
(\ireful control of the <Iy('ing process by these methods is especially 
necessary for pah' shades .\fter impregnation, the h'lico compound is 
oxidized to lh(' insoluble dye by lifting the yarn, wringing and allowing 

'•Soo als.) Mullrr, .Uillinntl Tixtilhr, 28, JKt, m, O'MT). 

Fox, *SV. Djter.^ Colournsfa 66, oOS (HM9), has rcrontly reviowcd tho dyeing and 
fastries.s properties of the anthraqiiiiionohl vat dy(\s in rel'V.on to their constitu- 
tion. lie luis also di.scussed tlie t<*ndi iw of the vats to ovei -reduction, hytlroly- 
sis, dehalogonation ami inoh'cular rcarraiigeiiients. 

A novel continuous dyeing proce^s i*' to pa.*'*' cloth succe.s^iveU through the ilye 
h<luoT and a molten metal at 95 105^'; e\ce.ss of dye liquor is thus squeezed out 
ami uniform penetration is obtained; Hoardman, J. Sor. Dytfs Colourists 66, 
397 (1950). 
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to oxidize in the uir. In machine dyeing, oxidation may be acceleraU^I 
by treatment with a solution containing 0.05% potassium dichromate 
and 0. 1-0.2% sulfuric acid, or with a 0.2 0.3% solution of sodium 
perborate. The dyed material is then washed, soured in dilute acid, 
washed, and finally soaped at the boil with 0.2% soap solution for 30 
minutes. For dyes which are known to tender cellulose on exposure to 
light, the soaped material must he thoroughly rinsed since alkalinity 
favors the degradative action. 

X-Kay diagrams of cellulose dyed with a series of vat dyes have shown 
that they can be classified into three groups according as they remain 
amorphous, crystallize by after treatment with boiling soap solution, or 
simply b}’ oxidation.^* Only indigo has been identified as belonging to 
the last group. Indanthrone belongs to the first group, remaining 
amorphous even after soaping; most anthracpiinonoid vat dyes belong to 
the second group, being amorphous on the fiber after adsorption and 
oxidation, but forming crystallites on aftertreatment. An example is 
Indanthrene Hrilliant Scarlet ItK; the shade on cellulose is strongly 
shifted from yelhm to nvl by aftertroatment, a?nl the X-ray diagram 
reveals that the color change' results from the crystallization of the dye, 
which can be effected by merely soaking in cold water for several hours 

In dyeing compound shades it is preferable to mix dyes w^hich belong 
to the same dyeing class, but this is by no means a rigid rule, since the 
classification merely indicates that the best results an' genc'rally o])tain- 
able under the given conditions and a dye normally suitable for one 
process may well be applied by an alternative process. 

A wide range 'of shades is available in the anthracpiinone vat d^^c* 
series. In brightness most of them are somewhat inferior to the indigoids 
and considerably inferior to the azoics, but m(»llow' shades are preferable 
for many purposes. The anthraquinonoids are rich in blues, greens, 
browns, khakis, and blacks. There are useful scarlets and n'ds, but in 
comparison with the azoics the tinctorial [lower is low' and n'latively large 
quantities of the dyes are necessary to produce full shades. A serious 
defect of many of the yellow and orange vat dyes of the anthraqiiinonc 
series is their property of accelerating the degradative action of light 
and bleaching agents (e.g. hypochlorite) on cellulose.^® Such dyes ar(‘ 
therefore unsuitable for curtains and other materials that are liable to lx*’ 
exposed to light for long periods. During the oKidation of the leuco 
derivative to the vat dye on the fiber, by means of air or other oxidizing 
agents, severe degradation of the cellulose can oCcur. This is mainly 

See Chapter XL. 

« Valko, JACR 63 , 143;[ (1041). 

** See also Bean and Bowe, ./ 8or. Dyers ("oloutisis 46 , ST (1920). 
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true of the photochemieally active vat dyes, but under the optimum 
conditions of pH and redox potentials, any anthraciuinonoid vat dye can 
exhibit this unpleasant property, so that the oxidation stage of the vat 
dyeing process has to be handled with care if an oxidizing agent other 
than atmospheric oxygen is employed. Tend<‘ring can also occur when 
fabrics containing yarn dyed with yellow and orange dyes are bU^ached 
with hypochlorite or hydrogen peroxide. Houever, r(*search is leading 
to a continual extension of the vat dye range to fill in the gaps in the color 
scale and to include dyes which are free from the defects of the older 
members of the sin u^b. 

For cellulose fabrics which have to m(‘et high fastness requirements, 
the anthraquinoiK* \at dyes are tlie dye.s of ehoice. Tlie average fastness 
to light of the dyes in the commercial range is 7: fa.stness to washing and 
(o chlorine 4 o; and fastness to soda boil 3 4. ^lixturcs of dyes must be 
carefully chosen sin<*e the fastness (e g.. to light) is .sometimes lower than 
that of any of the component dyes. The anthraquinonoids are particu- 
larly suitable for d 3 'eing yarn w'hirh is to be woxon into fabrics and 
bh'iulieu in the piece, although precautions arc necessary during kier 
boiling to prevent marking off or bleeding of the dye by thc‘ combined 
action of hot alkali and the reducing agents whi(*h may be present in 
(or bo formed from) the size and other materials in the cloth. Thus 
sodium carbonale m a concentration of about ()..> to 1% and a tempera- 
ture of oo (J()° are em])loyed, and an oxidizing agent, sueh as sodium 
w-nitrobenzeiiosulfonatc, may be added. 

Many vat dyes tend to change in shade b}" bot pressing and by water 
spotting. Tlie change is reversible, and the original shade usuallj' 
returns. vSome of tlic dibenzanthrones and isodibenzanthrones for 
instance become redder or yellower w'hen the dyed material is welted, but 
on dr^ung the true shade is restored. Vigorous soaping of the dj'^ed 
material, whieli removes surface color and assists the crystallization of 
the d3"e within the fiber, diminishes the effect of water spotting and hot 
pressing. The color changes of some vat and azoic shades by water 
spotting and 1 ) 3 ^ wot and dr 3 ' heat have been variously attrihut(‘d to 
hydration and dehydration, changes in the state of aggregation of the 
pigment, and oxidation. 

Pigment padding process. For closely woven cotton fabrics made 
up from highly twisted yarns and for linen, presenting difficulties in 
penetration, tlie “pigment padding process” is conveniently employed. 
The fabric, thoroughly scoured, is impregnated in a padding machine 
with an aciueous dispersion of the unreduced vat dN^e: the dispersion is 
prepared from a paste or powder fine brand of d\'ostuff w'ith the aid of 
” Soo also Kornn»i<’h, J. Sor. Coioini.st< 62, 318 (IPtO', 68, 177 iPU2'. 
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wetting and protective colloidal agents such as highly sulfnted and 
sulfonated oils.***® The padded cloth is then treated in a jigger, or a 
continuous developing machine,'*^ with hydrosulfite and caustic soda 
solution, rinsed with cold water, treated with perborate solution to com- 
plete the oxidation of the vat, and finally soaped, 'ilie pigment padding 
process is being increasingly used for a wider variety of fabrics than the 
drills and duck cloths for which it was originally developed. In the 
du Pont ‘‘pad-steam-contiiiiious dyeing process’’ the pigment -padded 
fabric is dried in a hot-air Hue, padded with a solution of hydrosulfite 
and caustic soda below 38° (common salt and sodium formaldehyd(*- 
sulfoxylate being added to prevent the migration of the dye into the 
liquor and to continue the reduction after the exhaustion of the hydro- 
sulfite), and passed througli a steaming chamber at about 101° from 
which air is excluded.^*’ During this passage, which is of very bri(*f 
duration (under a minute), reduction to the leu(‘o com])ound and its 
immediate* penetration into the filM*r swollen by the action of steam take* 
place uniformly. Oxidation and soaping are then carried out as usual. 
For dyeing union fabrics of cotton and visco.se, lOl sugge.st the addition 
of gum traga.sol (a locust-bean gum \\hich is coagulated by alkali) to 
the pigment padding liquor; the function of the gum is to pr(*v(‘nl 
the dye from bleeding into the reducing bath aiid r(*dyeing the rayon 
preferentially. 

Vat acid process. A recent and important lO development is the 
vat acid process, in which the vat dye is r(*duced as usual by means of 
hydrosulfite and caustic soda, but at high concentration, aiul the leuc(» 
solution is achlifiVd with acetic acid in presence of a di.s])erMng agent 
such as Setaraol WS or an Igepon or Dispersol The leuc(i 

derivative or vat acid, which is thus formed in a highly di.spcrsc'd condi- 
tion, is then applied to yarns and fabric.s by the stock v^at dyeing or 
padding process; further treatments are as in the pigment padding 
process. In faet. the basic idea in the pigment padding and vat acul 
methods is similar. Like the unreduced in.soluble dye, and unlike tin* 
soluble alkali salt of the v'at acid, the vat acid itself lias praeticnlly no 
affinity for cellulose, and this lack of substantivity is a great advantage* 

o® For a stu'ly of solvation in rolatioii to tho stability of vat dyr susponsions nn<l 
their migration, see Orahain and Henning, J. Phys. A* CvlUnd Vhnn. 53,810 (It) 
o Williams, .!?'• Dyestuff Reptr. 36, 250 (1017). See also Womblc, TSP 2,800,008 

Xewman, Ajn. Dyestuff Reptr. 34 , 00 (1015), Vieira and du Pont, USl* 2,415,370 
Stott and Slump, USP 2,487,197. 

** BIOS Misc. 20 . 

« FIAT 644 ; BIOS 1773 . 

IIenne.ssey, Ain. Dyestuff Replr. 36, 775 (1017). Mueller, ibid. 39, 113 (1050) 
Marney and ICI, BP 031,tl73. 
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for many purposoK, such as iho dyeing of viscose in filament or staple 
fiber form find of (‘oil on- viscose unions. Impregnation takes place in a 
homogeneous manner since it is (‘fTeeled nuThanically, and level dyeing 
is then aelih'ved by solubilizjition of the dye within the fiber walls and 
subsequent oxidat»ion. Hk* vat fU'id proc(‘ss. which is applicable to 
many but not all vat dy(‘s, has b(*en rc'ported on favrjrably by a Com- 
mittee of the AAT(:(\‘'^ 

Viscose and cellulose acetate. While the anthra((uinone vat dyes 
are as suilabh' for dyiang viscos(‘ a^ for cotton. tli(‘ir application to 
viscose calls b>r tin* usual pr(*eantions n(^c(\s.sary for this fiber. The 
alkali salts of ih(‘ leuco derivative's are first adsorb(*d, almost instan- 
taneously, find there is a second and distinct stage of relatively slow 
(lilTusion into tlu* interior of the* fiber. •*'' The ability of a vat dye to give 
](*v<‘l shad<‘s, which depends on tlie r:it(*s of (‘xhaustion and diffusion, has 
to be stu(li('d in t('rms. for instaneux f)f the “stiike test.^’^"-"^ The prin- 
ciple of the test is to inlrodu(*e two skeins (jf yarn or squares of fabric 
successively into a dy(‘bath at a time interval of 10 settouds or one minute, 
and esljiJiate th(* tirm‘ tak(*n for obtaining the same shade on the two 
specinKMts. 'rh(‘ cold dyeing {IK' process is tinsiiitable for viscose. The 
strong alkali dyes are dyed at 35^ to tiO®, the t(‘niperature l>eing raised 
slowly; and many weak alkali dyes give good results by dyedng at tem- 
l)(*rat tin's tip to St)®. 

I'nion fabrics of cotton or \ iseose and e(‘llulose acetate can be dyed 
witli vat colors, adding »j-naphthol to tlie dyebath to prev(‘nt saptmifica- 
tioM of th(' aeetat(‘: und(‘r thes(' conditions the e('lhilose acetate is undyed 
and can be dyed subs('<)uently by means (»f a dispersed dye. It is also 
possil)le to dy(» aeetal(* layon with the vat dyes tliem^('lv(‘s by methods 
wliieh are modifications of tlie pigm(*nl padding juiktss. Thus it may 
be dycil by iiupivgiiat ing with a vat dy«' flisjiersion, nahieing to the leuco 
conij)ound by hydrosulfite and sodium carbonate, and oxidizing.'’- The 
precipitat<'s olitained by adding ethanol to acpieous solutions of leuco 
vat dyi's are suitable for dyeing e(*llulose acetate. 

V'iseose cake may be dyed by an application of the pigment padding 
principle. An acpieoiis dispersion of the unn'diu'ed dye is circulated 
through the eak(\ and the deposition of the dye on and in the fiber is 
('Ih'cted by the gradual addition of common salt. The dye is then 
rediK'od by cireidating hydrosulflie-caustic soda solution. As oxidizing 

^Hnlihrist, Am, DifmtujJ Ui'ptr. 36, 1 42 (10 iD. 

hoiilUm an<l Morton, J . Soc. I)utr,\ Voloun^t^ 66, -tSl (1030b 
' Hurgoss, J, *Sor. Dtpts Coloun.'^is 62, 41 (1040) 

' IJrili.sli C’elaiiese, HP 578,212. 

‘ Hriti.sli Olaiiose, HP 502,778. 

‘t’ox, J, iSor. Dyers Colourists 62, 4 4 (1040); \l>hott. ('*o\ ami ICl, HP 503,008. 
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agent soclium liypoehlorite is satisfactory for weak sha<l(‘K, but other 
conventional methods may be used. This process may also be applied 
to cotton in package form.**^ 

Calico printing. For a considerable time the anthraquinone vat 
dyes were difficult to apply in calico printing; because of slow reduction 
and poor penetration during ageing, weak specky prints were apt to be 
produced. These problems have now been largely overcome by a careful 
study of the behavior of each dye at various stages of the printing process 
and selection of suitable dyes. The physical state of the dye plays an 
important part in printing, and dye manufacturers market special print- 
ing brands (e.g. Suprafix dyes, IG). Hesidc^s efficient dispersion, ready 
vatting may be facilitated by the addition of reduction catalysts, such as 
anthraquinone and hydroxyanthraquinoiuvs. 'I'lu' main process tor 
calico printing is to make up the printing paste AMth a thickening ot 
dextrin or Hritish gum, glycerine, potassium carbonate, sodium formal- 
dehyde-sulfo\ylat(» and a substance such as sodium AMienzylsulfanilate 
which improves the solubility and gives clearer prints. After printing, 
the fabric is dried and ageil for a few minutes in a Rapid Ager or Festoon 
Ager. Oxidation is effected by passage through a dicliromate solution, 
and the material is linally soap('d at the boil. In the pr(»-reduction 
process, which shortens the ageing time, but has tin* disadvantage that 
the printing paste has poor keeinng qualities and must be used imme- 
diately after preparation, the tlyestuff paste, thick(m(‘d with liritish 
gum and glycerine, is mixed with potassium earlM>nate (or eaustie soda, 
the alkalinity of which is later reduced by the addition ol bicarbonatiO, 
and hydrosulfite. • The mixture is heated at about oO® until reduction is 
complete, cooled, mixed with sodium formaldehyde-sulfoxylati', made 
up to the lequircd volume by more tliickoniiig, and printed. In the 
Colloresin process, recommended for screen printing and for printed 
materials which have to be stored for a time before steaming, the thick- 
ening agent is Colloresin DK (IG), partially methylated cellulose which 
is soluble in cold Avat(T, but insoluble in boiling water and in cold or hoi 
aqueous alkali; as a result, the printed fabric has no tendency to bleed or 
mark off during the subsequent padding in alkali-hydrosulfite solution 
and wet steaming. A popular I^ritish process is to print the cloth witli 
paste containing unreduced vat dye and locust-bean gum thickening, 
dry and pad in a liquor containing alkali and sodium formaldohyde- 
sulfoxylate, dry and age as usual. 

The presence of a single cpiinono system appears to promote printing 
quality; vat dyes w'iiich print well also make good leuco sulfuric esters 
w Richardson and Wiltshiro, J. Sor. I)i/ers ('olounsla 63, 224 (1047). 

Harrick, Avi. Dyestuff Repir. 39, ^24 (1050) 
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Since the alkaline reducing agent present in the vat dye printing paste 
will decompose an azoic dye, vat dyes are valuable for producing colored 
discharges on azoic grounds. 

KesiTve effects under a vat dyed or printed ground may be produced 
by destroying the reducijig agent whi(*h is neci^ssary for vatting and sub- 
seciuent fixation to lake place, and by preventing any reduced vat dye 
from penetrating the fabric. A r<*agent suitable for this purpose is 
m-nitrobenzenesulfonic acid (a mild oxidizing ag<M»tj in conjunction with 
manganese* and zinc salts which form a membraiu* of the hydroxides by 
interaction with alkali. A mechanical method of rc.sisting the leuco 
compound is to print a design on a fabric by means of water-repellent 
waxes or r(*sins, prior to dyeing; this i.^^ use<l in the old art of “battick 
dyeing.” 

The stability of the anthraipunone vat dyes to oxidizing agents and 
the marked substantivity of the leuco compounds to crdlulose render the 
discharge style of printing difficult for vat dyed grounds. Jlowever, 
reasonably good results can b(* obtained with a limited numb(*r of vat 
dyes oy using a discharge paste containing formaldehy de-sulfoxylate, 
caustic soda, zinc oxide and a quaternary ammonium salt of the type of 
Leucotrope W (1(1) (Metabol WS, ICT). By an ageing treatment at 
about 102®, addition of sodium silicate (water-glass) to the soaping bath, 
and a final bleach with hypochlorite, clear whites can be produced. 

Stripping vat dyes. The removal of a vat dye is ob\'iously difficult, 
but satisfactory stripping has now* become pos.sible by the introduction 
of sp( cial products which restrain the reabsorption of the letico compound 
by the fiber. The nndhod eonsists in boiling the dyed fiber with hydro- 
sulfite and caustic soda solution together with a stripping auxiliary, such 
as Pcregal () (1(5) (l)ispnsol M., K’l) which is a fatty alcohol-c'thylenc 
oxide condensate, .Albatex PO (C'b) which is a benzimidazole sulfonate, 
Leucotrope W (1(5) which is pluuiylbenzyldimethylammonium chloride, 
or Lissolamine V (Kd) which is a (]uaternary amnnmium salt of the type 
of cctylpyridinium (or Irimethylcctylamnionium j bromide. 

Wool, silk and nylon. The indigoid ami thioindigoid vat dyes are 
usually preferreel to the anthraquinone vat dyes for applicatiem to wool 
and silk, but the protein fibers can be dye<l with the anthraquinone vai 
dyTs by suitably controlling the alkalinity of the dyebalh and the tem- 
perature of dyeing. Dyes of the IK type requiring relatively low* con- 
centrations of alkali for vatting and dyeing are chosen. Vatting is 
carried out with the minimum amount of caustic soda, and for any 
additional alkali required in making up the bath soda ash, ammonia or 
trisodium phosphate is used. The milder alkalis, especially trisodium 
phosphate, may completely replace caustic soda for selected dyes. 
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Ammonium sulfate or chloride is employed for exhausting the dye liquor, 
the salts serving the achlitional purpose of controlling the pll. 

Nylon is remarkable in its behavior towards vat dyes. The affinity 
of the vats is generally poor, and the light fastness of the sliades, which 
have excellent fastness on cotton, is nearly as low as that of the basic 
dyes. No really satisfactory explanation of these phenomena has been 
advanced so far.^® The fastness to light of dyeings or prints produced 
with vat dyes or leuco ester salts on nylon is considerably improved by 
steaming them for about 40 minutes at 3 atmospheres pressure, after 
developing and soaping as usual.®^ Aftertreatmeiit with phenols or 
phenolic acids, which do not have a swelling action on the fiber, increases 
the light fastness of vat dyes on nylon.®'® 

Nontextile uses. The fastness of the vat dyes to alkali renders them 
suitable for coloring paper pulp (e.g., for soap wrapping papers and 
printed wall papers), washable distempers and cement.®'* Paper pulp 
may be dyed by methods similar to the dyeing of eolton.®** Considering 
their high light fastness and great stability, anthriKiuinonoid vat dyes 
are of interest as pigments, but their use is limited by the cost, and by 
the relatively low covering power of many of the dy(»s. They are us(*ful 
for instance in coloring plasties (including rubber), since they withstand 
the temperatures used in moulding and the chemicals uschI in vulcaniza- 
tion.®*’ Vat dyes manufactured primarily for dyeing and printing tex- 
tiles, as well as vat dyes made specially for use as pigments, are employed 
in the coloration of paints, varnishes, laccpiers, eiMwnels and like mate- 
rials. For use as pigments vat dyes have to be produced in special 
physical forms with- the maximum covering power or color value, rai^cl- 
bility with vehicles and extenders, absence of bronzing, and other desira- 
ble properties. Vat dyes may be used for producing photographic prints 
on textiles by padding them successively with a dispersion of a vat dy(‘ 
and a solution of ferric ammonium citrate. When the dried cloth is 
exposed to light under a negative, the ferric salt is reduced to the ferrous 
salt in the exposed portions. The ferrous salt vats the (b^e, .so that dyeing 
takes place and, on oxidation, a positive colored print results.®* 

a. Roue, Am, Dyestuff Repir. 31, 204 (1942). 

Durand and lluguenin, IIP 003,154. 

Butterworth and Croslaiid, BP 032,083, 

“Forster, Kudva nnd Venkataraman, J. Indian ('hem. Sor , Ind. Ed. 6 , 1 19 (1943) 
“Lips, Paper 7'rade J. 118, No. 13, 31 (1944). 

“See Black, Ind. Eng. Chem. 32, 1304 (1910). 

Bleachers Association,. BP 597,982. 
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ANTHRAQUINONE VAT DYES— ANTHRAQUINONE 
DERIVATIVES 

AcYLAMIDO VXTIIH \Qr'I\l)N L.S 

Among the anthraquinone vat rives, tlie aeylamidoanlhraquinoiies 
are iiotabh* for their simplicity of structure and of the method of prepara- 
tion. The aininoantliraqiiinones are capable of vatting, but the alkali 
salts of the leuco compounds have no affinity tor cotton, and Deinet 
(1009) observed that benzoylation of l-aminoanthracpiinones had the 
remarkable effect of transforming them inti) vat dyes with adequate 
affinitv for practical dj^eing. It is an important fact that one or more 
of the acylamido groups must be in the a-position of the anthraquinone 
nucleus; while a-benzamidoanthra(juinone is a yellow vat dye (Algol 
Yellow W(}) (By; CJ 112(1), the /i-isomer is devoid of dyeing property.^ 
T)i-/J-anthraquinonylurea was once marketed as Ilelindone Yellow 3(iX 
(Schmidt and Kriinzlein, 1909) (MLB; Cl 1138) (Algol Yellow 4GK; 
ST 1250), but is now obsolete. A mixed a- and jt^-acylamidoanthracjui- 
none derivative, obtained by coiuhmsing id-aminoanlhraquinone with an 
equimolecular proportion of phosgene to form the carbamyl chloride 
and then condensing two motes of the latter with one mole of a mixture 
of 1,5- and l,S-diaminoanlhraquinone, was at one time marketed as 
Ilelindone Brown 3(iX (Schmidt and Kriinzlein, 1909) (MLB; CT 1148). 
Ali])hatic monocarbox 3 dic acids are inadequaie for imparting the neces- 
sary intensity of color and substantivity, but two moles of an aminoanthra- 
quinone, preferably a monobenzoyl tliamine, may be linked together by 
means of phosgene or an aliphatic dicarboxylic acid. Algol Yellow WG 
is no longer employed commercially in vit*w of its moderate fastne.ss to 
light (I) and its relatively low tinctorial power. The technically valuable 
dyes are derivatives of the diamino and triamiuoanthraquinones, or of 
l-aminoanthraciuinone condensed with an aromatic dicarboxylic acid. 
However, one benzamido group it* sufficient for mon' complex anthra- 
quinone dorivativCwS, such as the pyrimidanthrones. Further, the intro- 
duction of a benzamido group is a simple and convenient method for 
modifying the shades and improving the dyeing properties of other types 
of anthraquinone vat dyes. 

^ Soc CliapttM- XLl. 

S8l 
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The shades of the aeylamidoanthraquiiionos are yellow, orange, red 
and violet; they do not include blues, greens and blacks. The reds in 
this group have low tinctorial power, and several of the yellows and 
oranges are active tenderers.^" The dyes are mainly applied by the cold 
or IK method for the reason that the optimum results are obtained under 
these conditions; there is little danger of hydrolysis of the acylamido 
groups under hot dyeing conditions, as sometimes suggested. The 
dyes dissolve in alkaline hydrosulfite at 20-25°, using a relatively small 
amount of caustic soda, and the addition of salt is nec^essary for exhaust- 
ing the bath. The color of the vats is generally pale red, red-brown or 
red-violet, and the color of these dyes in sulfurir acid is pale yellow, 
orange or red-brown. The levelling properties are good. The fastness 
to wet treatments and to chlorine is generally as high as among other 
anthraqiiinone vat dyes, the exceptions being the violet dyes which 
contain hydroxyl groups. The light fastness of most of the yellow^ dyes 
in the series is low (4-5) in comparison wdth tlie exc(41ent light fastnes.s 
of the anthra<iuinorie vat dyes as a cla.ss, but the reds and violets n^acli 
the latter standard. 

Preparation. The usual technical method of preparation'^ ** is 
to treat the amine wdth the acid chloride in boiling nitrobenzene or 
o-dichlorobenzene for a few' hours. On cooling, the dye is collected and 
washed with the solvent. Most of the a(;ylamiiloanthraqui nones (*an 
be readily prepared by this simple procedure, but various modifications 
have been suggested in the patent literature. Acid-bkiding agents such as 
fused sodium acetate may be used. The acid chloride may be prepared in 
situ by using the acid and phosphorus pentachloride, and anthratiuinonyl- 
amides of aliphatic dibasic acids have been prepared in this manner. 
Heating the aminoanthraquinone with an ester or amide of the acid has 
been suggested;® wdien a-aminoanthraquinone is heated with ethyl 
oxalate, the product is a red dye which probably has the structure 
AQ-~N=C(()Et)— C(OEtJ=X— AQ, in w^hich ACi is a-anthrac|uinonyl.® 
Another method is to condense a halogenatcd anthraqiiinone with an 
acid amide in presence of a copper catalyst and sodium acetate;^ pure 
a-benzamidoanthraquinone is obtained by heating a-chloroanthraquinone 
with benzamide in presence of potassium carbonate and copper bromide 
in an amount equal to the weight of chloroanthi’aquinone.® High 
*** See (yhapter 

ICi methods are dewnhed in HIOS (2) 987; (S) 1493; (t) .Uiw. Report 20; ftn<i 

(4a) FIAT 1818 II. 

- K;, DUP 210,019, 212,4:i0; 210,980. 

« 10, DUP 270,579; see also Hillimoria, IP 81,427. 

’ Bayer, DItP 210,772; Ciba, SP 251,045; 257,292. 

• Buxhaum and du Pont, L'SP 2,.8 10,720. 
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molecular vat dyofe, whirh contain ammo f 2 ;roups and are bpariiigly solnblo 
in organic solvents, can be benzoylated by agitating with benzoyl chloride 
at about 100°, and adding a little concentrated sulfuric acid. By acylat- 
ing the leuco compound of an aminoanthraquinone in nitrobenzene solu- 
tion, oxidation to the dye may be himultaneously effected.’* Leuco-1- 
amino-l-acylamidoanthrafjuinoncH have been prepared by treating stable 
leuco- 1 ,4-diaminoanfhraquinone with a(Md halides under (Conditions 
which prevent oxidation to the keioform,e.g., by condensing in o-dichloro- 
benzene and pyridine mixture at 25°; by subsequent heating in nitro- 
benzene at 130° oxidation to the anthraquinone takes place. The 
preparation of pure monoacyl derivatives directly from the diamino- 
ant hra(|Uinon(‘s has to b(‘ done under specific conditions For partial 
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beiizcjylation l,5-(liaminoanthra(iuinone is heat('d in nitrobenzene at 
150 155° for thive hours with benzoyl chloride (1 (> moles; and sodium 
carl)onate, when l-amino-5-benzamidoanthra(piinone (I) and 1,5-diben- 
zamidoanthraquinone are formed in a proportion of 3:2. On cooling to 
120° and filtering, the more soluble monoacyl derivative is recovered from 
the filtiate.*® l-.Xmino-l-benzainidoanthraquinone (II) has been pre- 
pared^- in 000' yield by h(\‘iting leuco-l,4-diaminoaiithra(iuinone with 
nitrobenzene and a little pipc^ridine at 150°, cooling to 15° and agitating 
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’ Kritiah DyestufTa, Sliephonlaon, Tatum, ami llanlmry, DRP I81,3.')7 
'“du Pont, HP 571,1,51. 

" 10, DRP 402,0.53; 522,787; BP 270,002 
'• BIOS 1484. 
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with benzoyl chloride (2 nioles) and sodium carbonate solution. The 
mixture is filtered and the filter-eake freed from unreaeted diamine by 
treatment with liydrochloric acid. Alonoaroyl derivatives of diamines 
have also been prepared from the diaroyl derivatives l)y partial hydrolysis 
with oleuni;^® and from l-aroylaniidoanfhraquinones by the indicated 
aeries of reactions. 

Constitution and shades. The general method for determining the 
constitution of the acylamidoanthraquinones is hydrolytic fission 1 ) 3 ' 
means of sulfuric acid^® or 20 % alcoholic potassium h\'dro\ide.*® followed 
by identification of the amine and acid components. 

While l-benzamidoanthratiuinone is obsolete, l-sjilic\'lainidoanthra- 
quinone (Ilelio Fast Yellow (KJL) (By; CE 1127) has a limited use as a 
pigment. The condensation product of o-aminoanthra(iuinone and 
diphenyW-carboxylic acid (Indanthrene Yellow BY JOOO) was made by 
IG for use in the manufacture of the solubilized vat d 3 'e, Anthrasol or 
Indigosol Yellow' V.^ Bv” condensing two moles of a-aminoanthra- 
quinone w'ltli succinic acid, the product is Algol Yellow 3(r (Fischer, 
1908) ( 1 ^ 3 ": Cl 1139), w'hich is obsolete: Imt r(‘placing th(» ahpbatie arid 



Indanthrene Yellow o(IK 


by isophthalic acid and terephthalic acid, two useful (l 3 'cs are obtained. 
Indanthrene Yellow otJtK (ST Erg. II 1217a) and Paradone Yellow 



Paradone Yellow 5GK 


ll’in.skii and Zailon, Ayitlmokraa. Prom. 2, No. 10, 24 (10:^2)^ 

Cf. Ix)vpluck:, Thomas, and I Cl, BP 375,818 

irinskii and Zaikin, J. Gen. Chem. {V.S.S.R.). 4, 1201 (1931). 

Sunthankar and Vonkataraman, Pjoc. Mian Acad. Sn. 26A, 407 (1917), 32A, 240 
(1950). 

Fiorz-David, Kunstlioho Organische Farbstoffp, Erganzungsband, Springer, Berlin, 
1935. 



V C Y L A MI DO A x\TII It A Q I I SOS KS 


885 


5 GK (LBH);^* these are important as tlie only pure yellow* dyes among 
the acylamidoanthraquinoncs, the other yellows being red in tone,**® 
1,5-Bisbenzamidoanthraquinone (Xoedting and Wortmann, 1900; Cl 
1132) (Algol Yellow R; Indanthrerie Yellow* (iK; Caledon ^>llow 3Gj is 
little used at the present time. Indanthreiie Yellow 3GF (ST Erg. II 
1217b)® W'hich dyes a reddish 3 ''ellow from a gray-green vat is interesting 
as using both an aromatic and an aliphatic acid for acylation. It is 
prepared by condensing (1) w’ith oxalyl clilorhlo.’® The commercial 



Indaiithrene Y'ellow 3GF 


dyr* \.s » htth' redder than the pure compound of authentic structure, ow ing 
to the presence of the l,S-isonier.'® Condensing two mole.s of (Ij with 
one of terephthalic acid, the product i.s Caledon Y(‘llow' 4G, stated to be 
a non tenderer.*® \nother interesting derivative of (I) obtained b\' con- 
densation of two mole.s with one of 4-az()diplienyl-l',4"-dicarbo.\ylic acid 
(prepared by tlie reduction of 1-nit rodiphenyl-l'-carbo\ylic acid with 
glucose an<l caustic soda) is Indanthreiie Yellow (KiF.- its light fastness 



(t) 7) in full shades is better than that of the other yellow acylamido- 
anthraciuinones, but the dye is little used because of the high cOwSt. A 
notable feature of Indanthrene Yellow* GGF is the stability of the azo 
group, which is unaffected by hydrosiilfite and alkali at 60®. 

** Frascr-Thomsen in Thorpe’s Dictionary of ^pjiliod Chemistry, Ith ed., Vol. I, 
I^ingmans, 1/>ndnn, p. 402. 

The introduction of Ar,.V-dimeth>lsulfonamide groups in the G,0 '-posit ions in 
Paradoiie Yellow 5(fK gives a dye wdiioh dj^es cotton a pure .*ind fast yellow 
shade; Ciba, SP 260,308. 

TO, DRP 448,286. 

Hofti, Heh\ Chim, Acta 14 , 1404 (1930. 
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Indanthrene Orange GG, a derivative of both 1,5- and 1,4-diamino- 
anthraquinone, has excellent all-round fastness (light 7-8, soda-boil 4-5, 
chlorine 5) and it is a nontendercr; it is prepared by condensing iso- 
phthalic acid with one mole each of (I) and (11).*^ 




Indanthrene Orange GG 


1,4-Bisbenzainidoaiithraquinone is the important dye, Indanthrene 
Red 5GK (Dcinet, 1909; CT 1 131) (Caledon Red 5G), which has excellent 
light fastiR'ss (7-8) and very good fastness to chlorine (4) After study- 
ing the products of the condensation of numerous acid chlorides A\ith the 
usual aminoanthraqui nones, IG found that m-substitiited Ixuizoyl 
chlorides, especially m-metho\ybenzoyl (‘hloride, isophthalo^d chlornh' 
and trimesic a(‘id chloride, gave valuable dyes in respect of shade and 
fastness.® Indanthrene Red BK is the m-metho\y benzoyl analog of 
Red 5GK, The p-aminobenzoyl analog ot IndanthreiH* Bed oGK has 
been mentioned as Indanthrene Brown G (ST 1219), but it is doubtful 
if thus diamine was ever marketed. The later brand of Biown Ci con- 
.sisted of a mixture of Indanthrene Brown R (Cl 1151; and ()h\(» K or 
3G. By the addition of a benzaniido group in the 2-po.sjtion in Indan- 
threne Red oCiK, a hypsochrornic efleet is jiroduced in Indanthrene 


II XHCOPh 
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II NHCO 
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II NIKOPh 
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Indanthrene Red 5GK 


Indanthrene Red BK 


Indanthrene Orange RRK 


Orange RRK (CT 113(>) (Algol Brilliant Orange FR).®* Indanthrene 
Orange RRK is prepared by nitrating and reducing 1,4-bisbcnzamido- 


In Ref. 18 Indanthrene Orange RRK has been fonnulnfed as nii imidazole deriva- 
tive. 
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anthraquinotie to the 2-amino compound (lllj, Avliich is then benzoyl- 
ated; (III) is also of interest as the intermediate from which the imidazole 



(III) 


NUCOPh 
NH, 

NllCOPh 


O 


XHCOPh 


CCD 


PhCONH II 
0 


XHCOPh 
Caledon Red X5B 


derivative, Indanllirene Oranj^e FFHK, is prepared. When a third 
henziiniido f^rmip is iiitrodin ed in 1 . l-bisbenzarnidoauthraquinone in the 
.Vposition. the shade is altered towards a eonsidcTably bluer red (Algol 
Hordeaiix 2H; C'aledon Hed A bright red dye of exceptional 

fastness is made by at l(‘ast S0<^; mononitration of 1,4-bisphthalimido- 
anthraciuinone, liydrolyzing the .V-phthaloyl groups, reducing the nitro 
gn»nj aiul henzoylatiiig/^- 'Hie <lyes (IV j give brilliant bordeaux 
shades of “remarkable fastiu^ss to light and wet treatments/’’'’ 

The introduction of h.vdroxyl atid rnethoxyl gn)uj)s in the anthra- 
(|uinone nucleus of l-benzamidoanthra(|Uinone has a marked batho- 
chromic effect; the 4-hydro\y compound is Algol Pink U (Hy; Cl 1 128), 
which is also used as a pigment (Helio Fast Pink RL); the 4-methox3' 
compound is Algol Scarlet (\ (By: Cl 1129), and the t.o.S-trihydroxy 
compound is Algol A'iolet B (By; C'l 1130). The introduction of a 
hydroxj'l grouj) in the 4-position in Indanthrene Yellow' (JK gives a red 
dye, Algol Brilliant Red 2B (By, (’I 1133) (Algol Pink BBK: Caledon 
Red FF). The in(rodu<*tion of a further hydroxyl group in the S-jiosition 
gives a violet dye; the shade and fastness properties are improved by 
replacing benzoic acid by anisic acid. IXvo important dyes are obtained 
in this manner: Indanthrene Brilliant Violet RK (Thomaschewski, 1908) 
(By: Cl 1 130) is the dianisoyl deri\ative of t,S-diaminoanthrarufin. while 




” ICI, BP 366,565. 

” Irving. Livingston, and ICl, USP 2,447,981. 
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Indanthreiie Brilliant Violet BBK* is a mixed dye in which this diamine 
(1 mole) is condensed with anisoyl chloride (1.25 mole) and benzoyl 
chloride (1.12 mole). Their fastness to washing and chlorine (3-4) is 
below the standard of other anthraquinone vat dyes, but they have 
excellent fastness to light (7 and 7 8) ; the hydroxyl groups are responsible 
for the lower fastness to alkali. Brilliant Violet F3RK is a recent 1(1 



F.C 


Indanthrene Brilliant Violet RK Indanthrene Brilliant Violet F3RK 


introduction, stated to be spc(*ially uselul for dyeing cott()n-\ ks(*om‘ unions 
and to have better wash fastness than Violet HK.“* l,l,r)-Trisbenz- 
amido-8-hydroxyanthra(iiiinone, containing only one hydroxyl group, 
has been claimed to be a fast blue dye.*^ 

In addition to the acids employed for the dyes already introduced into 
commerce, many hundreds have been suggested in patents. prod- 

ucts obtained by acylating l-aminoanthra(iuinone with o- or p-cresotinic 
acid dye wool from a weakly alkaline vat in greiniish yellow shades of 
great fastness.-** 1 ,5-His-p-chlorobenzamidoanthra(iuinonc gives strong 
and fast shades when applied at 10 oO®.-' \afnithalene-2,(>- and 
2,7-dicarboxylic aci<ls give bright ycdlow-red and red-brown shades of 
very good fastness. Dibasic acid.s, such as diphenylm(*thanedicarbo\ylic 
acid, diphenyl-p.p'-dicarboxjdic acid, and their halogen substituted 
deriv'ativcs, have been condensed with a-aminoanthra(iuinone and its 
substitution pro<lucts to give* fust yidlow, orange and red shades.^'* 
Fluoranthenedicarboxylic acid condensed with (1) gives a yellow dye.*® 



« Wvir 1813 III. 

« Ciba, BP 459,770. 

« IG, BP 442,949. 

Sutter, Kern, ami Ciba, USP 2,420,453; Cibn, BP 004,910. 
« IG, BP 339,267; DUP 562,916. 

« aba, SP 219,414. See also SP 224,880-7. 
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Yellow to orange dyew have been synthesized by condensing amino- 
ant hra(|uinones with diphenyl ether 4 r-dicarhoxviic acid, diphenyl 
disulfide dicarboxylic acid, and acids such as T liese dyes, espe- 

cially phthaloyldiphenyl sulfi<l(‘ derivatives, are claimed to have excellent 
fastness properties. Bright scarlet to red vat dyes of good fastness, 
particularly to ki(‘r boiling, are obtained by the introduction of two 
different alkane- or phenylalkanesulfonylbenzoyl groui)s into 1 ,4-diamino- 
anthracjuinone.-^’ The acyl residues may (‘oiitain sulfonamide groups.®^® 
Vat dyes of the anthrimide, (-arbazole and other type's have improved 
printing properties when they contain benzamido groups, the benzene ring 
carrying an alkyl or aryl sulfoxide or s^ilfone subslitu(*nt.^“ 2-IIydroxy- 
3-naphthoic acid derivatives are of interest, as they an' vat (*olors capable 
of coupling with diazonium salts. Thus (XTi dyes a l)right lemon- 
y<‘llow as a vat dye, and the shade on the fiber can b«‘ modified by after- 
treatment with diazonium salts. Anthra(|uinoiK>ylamKloanthraf|uinones 
form a distinct group, in which bc^th tlie conipon(‘nts are (lr*rived from 
anthracpiinone, resulting in easy vatting and j)robably in increased affinity 
hr (‘('ilolose, but no dye of this type appear.s to have Ix cai marketed. The 
condensates of 2-chloroanthrar|uinone-()-earbo\ytic acid andaminoanthra- 
(luiiiones give orange to nxl dyes of high tinctorial power and fastnes.s. and 
dyes containing a third anthra(|uinone residue may be obtained by con- 
densation \vith an a-aminoanthraquinone, so that the dy(‘s belong also 
to tlio antlirimide class."^^ A jmre red vat dye has been prepared by the 
action of ammonia on the condensate of a-aminoanthra(iuinone and 1- 
chlor()anthra(iuinone-2-carboxychloride.®*’ Bed to violet dyes are obtained 
by treating a 4,8-diamino- i-aroylamidoanthraquinone with 2 moles of 
l-nitro-, amino-, or chloroanthraquinone-2-(*arbo\ylic acid.®^ The 
range has been extended by condensing i-aminoanthraquinone-2- 
carboxylic acid and its functional derivatives with l-amino-4-, 5-. or 
8-arylaminoanthraquinones to get tleej) and last corinth shades Bed 
to red-brown dyes have been made by <*ond(»nsing l-amino-4-benzainido- 
anthra<|uinone or I, l-diaminoanthra(iuinone with 1 ,4-bisaroylamido- 

«« 1(5, J)HP 066,109. 

Irving, hivingston, and ICI, HP 568.9113, .see aNo Ciha I’SJ* 2,439,626: liP 005,701; 

SP 239,9,53; 242,510 1. 

Ciha, HP 605,466: 635,924; 636.fJ9I , see also SP 2:)2.:>33: 257,912 51. 

HP 580.642. 

” Hhat, CJavankar, and Veiikalaranian, J, Indian ('hcin. Sot Ind. l\d.j 6, 171 (1942); 

8pe also ,Jiisa and Hiesz, Monotsh, 58, 137 (1931). 

*M)einot and dn Pont, USP 2,181,018 
^Rollett, Monatsh, 46, 131 (1925). 

-'Mjvingslon and ICI, BP 631,213. 

*• nj and Honold, DRP 048,770. See alw> ('iha, SI* 253,257, 258,772-5; 261,068, 
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anthraq\iiuone-6-carboxylic acid.” Olive, brown, gray and black-green 
dyes are produced by condensing l-benzamido-4-p-carboxyanilinoanthra- 
quinoncs or their derivatives, capable of use as vat dyes, with vattable 
primary aminoanthraquinones or their derivatives;®** an example is 
(VII) 39 which is an olive dye. A series of vat dyes have been described 


I NHCo/ 

? NH, 


)C0NH II 


CCO^OCQ 


IJ NHCOPh 
(VII) 


II NHCOPh 


which are prepared Irorn anthraqumono-2,(>-dicarboxyli(‘ acid by con- 
densation with two moles of a vattable amine.*** An unusual intei medi- 
ate IS l-amino-3-benzoylanthraquinone, which yields with terephthaloyl 
chloride a greenish yellow and with cyanuric chloride a reddish yellow 
dye.^* 

Carboxylic acids derived trom heterocyclic compounds, which may 
themselves be nonvattable or vattable, are the subject of numerous 
patents. Furoyl derivatives^- give weak yellow to yellowy-brown shades, 
but the nitrogen- and sillfur-containing heterocyclic lU'ids augment the 
tinctorial pow’er considerably The condensation products of beiizo- 
thiazole-2-carboxylic aqid, (piinolinecarboxylic a<*ids,^* tliphenylene oxide 
dicarboxylic acids, and .V-ethylcarbazole dicarboxylic acids hav(' been 
mentioned ** V yellow' dye wnth very high fastness properties, applicable 
by the IX process, is (VIII); its high co.st has precluded its commercial 



Graham and du Pont, USP 2,l79,r).52 
” Sandoz, HP 561,420 
« Peter and Sandoz, USP 2,374,891. 

Ciba, HP 585,874. See also SP 247,603 4512; 250,729; USP 2,459,041. 
** Ciba, BP 517,434 

Wilder, J. Colo. Wyo. Acad Sci. 1, No. 3, 23 (1031) 

« IG, DRP 602,336; 606,46 1 ; 570,325 
Honold and IG, DRP 555,182 
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exploitation.* Anthraquinonyl benzothiazole carboxylic acids such as 
(IX) 3deld pleasant bordeaux dyes,^^ and bright yellow dyes arc obtained 
by condensing l,9-thiophenanthrone-3-carboxylic acid with a-amino- 
anthraquinone or monobenzoyl diaminoanthraquinones.*® Ciba have 
investigated the complex compounds obtained by acvlating any vat table 



amino compound with a nonvattable luderocyclic diearboxylic aeid. 
The preparation of derivatives of thianthreiie, tliioxaiithone, phenoxthine 
and dibenzo-p-dioxin hav(' been described, the vat table r(‘.sidues being 
anthra(iuinone, dibenzanthroiM‘. pyranthrone, etc.^" Red to violet dyes 
have been prepared hy acylating aminoanthracjuinones or their deriva- 
tives with 1 -amino- 1- or -r)-carbo\yanilino-l-(.V)-9-anthrapyridones.‘*“ 
Rc(* (( orange vat dyes of very good fastness have been i)repared by 
coinlensing a heterocyclic acid like l,9,o,l0-anthradiisolhiazole-3.8-dicar- 
b()xyli(’ a<‘id (X) with aminoanthraquinones.'**^ 


(Swriiic .\riD Derivatives 

Dyes in which two or three aminoazo compounds are linked together 
by condensation with cyan uric chloride have been described in Chapter 
X\T. Similar corulensation of aminoanthraquinones with cyanuric 
chloride s(*rv(\s the more fundamental purpose of providing a new mode 
of acylation which converts an ami noant hraquinone into a vat dye.®** 
While tin* cyanuration of the soluble azo dyes is carried out in aqueous 
solution, tlu* aminoanthraciuiiunies are condensed in a suitable organic 
solvent. Nitrobenzene was suggt'sted in earlier patents, eui)rous chloride 
being sometimes used as a catalyst, but phenol is a much better solvent 
for cyanuration of the aniinoauthra(iuinones. Fierz-David and Matter®^ 
have prepared the seeontlary compound (I), which dyes shades similar to 

1(1, Zerwock, uml Honold, PUP 019,103. 

Slihnar and du Pont, USP 2,233,490. 

('iba, BP 555,055; SP 236,231 ; 238,627-36; 210,129; 243,008. 

«Saiidoz, BP 500,131. 

Ciba, BP 580,081; Ilolbro, Korn, Sutcr and Ciba, USP 2,408,259. See also SP 

244,838. 

Ciba, SP 97,059; 100,397-401 ; 101,405; 104,011-4; 104,713; 108,210-16: 108,856 -7; 

112,533-7; 114,834; 116,070-7; DRP 390.201; 309.485: BP 205.525; 223,911; 

231,688; 234,086; 237,872; IC, DRP 5il0,103: lO, BP 350,57,") 

•/. Soc. Dyers Colourists 63 , 431 (19371 
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Diaminoanthraquiiioiie on ryanuration gives a red-violet dye, and if the 
reaction is efTerled in presence of copper a pure red dye.^®**® Cyanura- 
tion of 5-amino-l,4-bisl)enzamidoanthraquinone gives a bluish red dye of 
great brilliance and tinctorial power.^®« 

A procedure for the preparation of vat dyes in which the aminoanthra- 
(piinonc and triazine residue are linked together by a C C bond is to 
polymerize a nitrile; thus 2-bcnzami<lo-3-eyanoanthraciuinone gives the 
orange dye (IT).^® 

Anthrimides 

"I'he simplest “anthrimides” are the dianthraquinonylamines (AQ- 
NH-AQ), prepared by tlie eoiKh'iisation of a ehloroanthraquinone with 
an aminoanthraciuinone under the usual conditions of the I’llmann reac- 
tion; of the three isomers (1,1', 2,2'; and 1,2'), it is only the last or mixed 
type ^^hi(•h behaves as a vat dye (Isler, 1905) marketed under the name 
of Algol Orange R (Indanthrene Orange ORTK; Cl 1137); the dve is now 
obsolete. More useful dyes are obtained by introducing bonzamido 
groups, and by increasing the number of anthraquinone residues to form 
triaiiUinmides While the te(*hnically useful dyes are mostly the mixed 
o!,/J-types, the «,a'-eompounds are important as intermediates for the 
pn'paration of anthraquinonecarbazoles, among which are some of the 
fastest dyes in the entire range of anthraquinone vat colors. Further, 
the introduction of an anthraciuuionylammo group is a method of 
modifying the shade of anthraf|uinone vat dyes of other typos. The 
anthrimidf's dyc‘ sonKWvhat dull shades of orange, red. bordeaux, and 
gray, which have cxcelkuit all-round fastne^s flight 6 8; other agencies 
1 5). The orange dyes are tcuiderers.*® They are mo.stly applied by the 
IK process; their substanstivity and tinctorial power are generally poor. 

Preparation. The main metliod is the intenn tion of the appropriate 
chloro compounds and amines in boiling nitrobenzene in presence of 
sodium carbonate and copper bronze. Other acid-binding agents (e.g. 
fused sodium acetate) and copper salts (copper chloride or sulfate) may 
be added, and in special cases molten naphthalene or other solvents may 
be employed in place of nitrobenzene. The time of heating varies from 
a few hours to as long as 48 hours, depending on the complexity of the 
anthrimide. The orientation of the amino group and the halogen atom 
has an important effect on the formation of the anthrimides. If both 
arc in the a-position the reaction takes place easily, f g., or-chloroanthra- 
(luinone reacts readily with «-aminoauthra(iuinone to form lA'-dian- 
thrimide. If one group is in the /3-position the reaction takes place with 
rather more difficulty, and it is advisable to condense the iS-halogen 

Irving, Livingflton, and ICI, BP 602,975. 
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compound with the a-amine. When both the halogen atom and the 
amino group are in the /J-position the reaction takes place with difficulty, 
and for obtaining good yields an iodo compound is preferably employed.®® 

A typical procedure is illustrated for a pentanthrimide. 1, 4,0,8- 
Tetrachloroanthraquinonc (80 kg.), a-aminoanthraquinone (20(5 kg.), 
soda ash ((50 kg.) and copper powder (2.7 kg.) are charged lo a copper 
pan containing nitrobenzene (1890 kg.), and the mixture vigorously 
agitated for 3(5 hours at 205®. The reaction is complete wiaui the residue 
from an alcohol extract of a test sample, previously washed with excess 
ligroin, gives only a slight color to a solution of boric acid and acetic 
anhydride The product is purified by extracting with alcohol, and 
distilling off the solvent.® 

After carrying out the reaction in boiling nitrobenzene or molten 
naphthalene, a useful method of purification of some anthrimides is to 
filter the hot solution, which removes the unrcactcd components. In 
view of the toxicity of nitrobenzene and the inflammability of naphthalene 
at high temperatures, the nitrobenzene or naphthalene solution is blown 
from the reaction kettle to the filter-press by means of nitrogen, and the 
filter-press is enclosed and exhausted in order to avoid inhalation of 
nitrobenzene vapors by the workers and the danger of cyanosis A 
method of preparation not involving the use of solvents is to heat the 
chloro compound (e.g. l-benzamido-5-chloroanthraquinone) and the 
amine (e g. l-arniiioanthraquinonc), together with sodium carbonate and 
cuprous chloride, in a rotary baker (ball or rod mill) at 200 220® for 
several hours until the evolution of water and carlmn dio\i<le ceases, a 
yield of 84 86% of tlie anthrimide is obtained.®^ 

.Vmong other methods for the preparation of anthrimides may ho 
mentioned the condensation of aminoanthraiiuinones wdth nilroanthra- 
(juinones in a solvent such as o-dichloro ben zone in presence of anhydrous 
potas.sium carbonate.®® Anthrimides are also formed by heating amino- 
anthraciuinones with sodium anthraciuinone sulfonates.®’’ A novel 
method for the preparation of i9,)9'-dianthrimi«le is to treat anthraciuinone- 
diazonium chloride with ammonia, and heat the product with a solvent 
of high b.p. with or without a condensing agent.®® The general reaction 
of the addition of a primary amine to a (piinoneimide may be used for the 
preparation of l,4'-diamino-l,l'-dianthrimide and its derivatives. 
While two moles of aniline can be reacted together in presence of an acid 

Eckert and Steiner, Monatsh. 36 , 1129 (1914). 

” Tinker, Stallmann, and du Pont USP 2,420,022; BP 003,495-6. 

« MLB, DRP 201,327. 

” MLB, DRP 216,083. 

"0 MLB, DRP 308,666. 
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to form diphenylamine, an a-amino- and a /?-ami noant hraquinone can be 
condensed in presence of sodium carbonate and copper oxide to form an 
anthrimide. 

Constitution and shades. The simplest anthrimide which is a useful 
(lye is Indanthrene Corinth RK (Algol Corinth R), prepared by the con- 
densation of l-amino-4-benzamidoanthraquinone with 2-chloroanthra- 
(juinone (conlrast CT 1144) in naphthalene solution at 205® (8 hours) in 
the presence of sodium acetate and carbonate, cf)pper powder and copper 



Indanthrene ('onnth RK 



acetate** A ied-hro\\)i dye is obtained by condensing 2-chloroanthra- 
quinone with the anilide of l-aminoan(hra(|uinone-()-carbo\ylic acid.®* 
Condensal ion of 2-chloroanthra<iuinone-()-carboxyl (‘hhirido with 0-chloro- 
I-aminoanthra(iumone gives a yellow vat dye, and further condensation 
with J-aminoanthra(|umone gives an orange-red dye, in which two 
l,2'-dianthnmide residues are united by a earboxylamide group.*-* 

The nitration of 1 ,l'-dianthrimide with mixed acid in presence of 
l)onc acid at about 25° gives the 4,l'-dinitro compound, reduced hy 
means of sodium sulfide and caustic soda to the diamine (I) The 
dibenzoyl derivative of (1), marketed at one time as Algol Cray B, is 
now’ the intermediate for the earbazole <lye, Indanthrene Olive R. 

The conden.satioii of tw'o moles of l-aminoanthraqiiinone with one of 
2,()- and 2,7-diehloroanthra(iuinone respective!}" gives tw "0 useful dyes, 
Indanthrene Orange 7RK (formerly Indanthrene Red G) (Isler and 
KaSer, 1907) (BASF; Cl 1140) and Indanthrene Red R (BAvSF; Cl 1142). 
'rhe isomeric trianthrimide from 2-ehloroanthraquinone and 1,5-diamino- 
anthraciuinone appears to have been marketed at one time as Indanthrene 
Bordeaux B (Indanthrene Claret B; Anthra Claret RT: Cl 114(>), but 
Indanthrene Bordeaux B in the current IG range is differently consti- 
tuted (see later). Algol Bordeaux RT (ST 1255; Cl 1143) (formerly 
Imlanthrene Bordeaux B extra) is prepared by condensing 0-chloro-l- 

Beard and du Pont, IJSP 2,133,072. 

"* Beinot and du Pont, (JSP 2,129,903 
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aminoanthnuiuinono with 2,7-dichloroanthra(iiiinono in nitrobonzono 
solution in prosenoe of sodiiira carbonate and copper oxide A bordeaux 
dye of more bluish tone, Algol Bordeaux 3B (Cl 1111), is obtained by 
condensing two moles of l-amino-4-methoxyanthra(piinon(* with one of 
2»6-dichloroanthra(iuinone. Indanthrene (Irey K has been stated 
(Cl 1145) to be the 4',4"-diamine prepared by nitration and reiluction 
of the trianthrimide obtained from 1,5-diaminoanthraquinone and 
]-chloroanthraquinone, and more recently, to be the product of the 
treatment of 4, l'-bisbenzamido-l,l'-dianlhrimide with 90^^ sulfuric 
acid at 8°®* Clrey K doc»s not appear in the latest Ki shade card of 
Indanthrenes 

Miscellweox's Simple I)?:hivativks of Vnttiraqi’inoxe 

1,2-Benzanthraquinone, prepared by the condensation of naphthalene 
and phthalic anhydride in presence of aluminum (diloride aiul cyclization 
with sulfuric acid, has no dyeing properties; but it has b(‘en used as a 
pigment, Sirius Yellow G (Elbs, 1886) (BASF; Cl 1094;. Authraflavone 
G (Islcr, 1905) (Bx\SF ; Cl 1095), which is now obsoleti* because of its low 
fastness to light (3-1; and its tendering action on cellulose, was formerly 
valued for^the relatively fast green shades obtained by admi.xturc with 


Anthraflavono 


(I) 


•» Microfilm FD 2637/46 
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Indanthreiie Blue. It may be prepared by fusion of 0-inethylanthra- 
(luiiione with caustic potash and alcohol at about 170®, or by the action 
of copper powder on jS-dichloromethylanthraquinone in nitrobenzene 
holution. An interesting mid hod of preparation is to heat di-/S-anthra- 
(liiiiionyldiniethyl sulfide (I) (readily obtained by the interaction of 
/j-chloromethylanthraquinonc and sodium sulfide) above its m.p. (249 
250®), when hydrogen sulfide is lost with the formation of Anthraflavone. 
Such a reaction appears to b(' involved in the occurrence of Anthraflavone 
in Cibaiione Yellow K, the dye prejiared by the thionation of /3-methyl- 
or j^^-chloromethylanthra(luinone.®^ 

When 1 , 1 '-dichloro-2,2'-dianthra(iuinonyl(‘th3dene is treated with 
primary aroniatii* amines, the prodinds are gray, violet, brown or red- 
brown in shade, and are last to chlorine, washing and water-spotting.®® 

Indaiithrene Bordeaux B ffslcr and Ka^er, 190(5) (BASF; Cl 1146), 
stated'” to be the trianthrimide obtain(‘d by the condensation of 2-chloro- 
aiitliraipiinone with 1 ,o-diaminoanthraquinone, lias now been shown to 
be l-aminoanthraquinone-2-aldazine.^ The color and stability of the 
compor.ifd are associated with resonance struedures such as (II). Two 


Indanthrono Bordeaux B 


(II) 


methods of preparation mav' be used.®® ®" When l-niiro-2-methyl- 
anthraiiuinone is luxated with aluminum chloride or treated with chloro- 
sulfonic* acid and 65 oleum at 0®, antliraquinoiie-l,2-iso\a2ole (III) is 
formed; (III) is not isolated, but submitted directly to reductive hydroly- 
sis by diluting the sulfuric acid solution, adding ferrous sulfate and 
boiling. The product is l-aminuanthra(iuinoiie-2-aldehv'de (IV), which 
is condensed with hydrazine sulfate in sodium sulfite solution at the 

See Chapter XXXVT. 

“ 10, DRP Anin. J. 53,076. 

Uu^^^li and llenzi, Ueb\ Chim. Acta 18, 409 (1930). 

"'Cassolla, DRP 343,064; BP 148,339, 340,188; 357,012; MLB, DRP 300,422; 

364,181; IG, DRP 479,350. 
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boil to form the dye. A second mi^thod is to heat l-amiiio-2-methyl 
anthraquiiioiic with nitrobenzene in presence of anhydrous potassiun 
carbonate; the azomethino (\') which is thus formed ^ives (I\') on aci( 
hytlrolj^sis. Indanthrene Bordeaux B dyes claret -red shades from ai 
intense olive-green vat; the fastness to light is (> 7 and to chlorine 4 
The dye is unaltered by prolonged boiling with 20 alcoholic potassiun 
hydroxide and is substantially unaffected by boiling for several houiv 
with concentrated hydrochloric acid; it is hydrolyzed tf) (IV) by lioilinfj 
with 05 VJ sulfuric acid, and converted into l-aminoanthra(iuiiu)ne-2- 
carboxylic acid by heating with concentrated sulfuric ar id at ItiO®. Ai; 
interesting property of Indanthrene Bordeaux B is its sensitivity t( 
nitrous acid; when the dye is dissolved in glacial ai‘etic acid and suItuiK 
acid and treated with sodium nitrite at 0 5®, fission of the aldazine linkag* 
takes place, together with diazotization of the amino groups. As a 
result, the azo dye obtained by coupling the diazonium solution \\itli 
/3-naphthol is identical with the dye from diazotizinl 1-aminoanthra- 
quinone-2-aldehyde; attempts to replace th(‘ diazonium groups h\ 
hydroxyl and chlorine lea<l to l-hydro\y- and l-chloroanthra(|Uinone-2- 
aldehyde, and treatment of the diazonium solution with alkaline formal- 
dehyde gives a mixture of aiithra(piinoue-2-carbinol and -2-carbo\ylic ai id 
by the Cannizzaro reaction taking place on anthra(juinone-2-aldehyde 
Among the acids used for acylating arainoanthraiiuinones, azoIxMi- 
zene-4,4'-dicarboxylic acid lias been mentioned, and attention was drawn 
to the stability of the azo linkage to alkaline hydrosulfite which enabli*'' 
the products to be applicnl as vat dyes. Since such dyes have exi’cllent 
light fastness, azo compounds of other types have been pn'pared. Azo- 
benzene-4,4'-dicarboxylic acid reacts with o-aminohydro\y- or o-amino- 
mercaptoanthra(|uinones to form oxazoles or thiazoles.®^ AminoazM 



•• IG, BP 487,380. 


(VI) 
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compounds have been acylated with vattahle carboxylic acids, c.g., 
(liaminoazobenzene with anthraquinone-2-carboxyl chloride.*® Methods 
for the production of azo dyes by reducing aromatic nitro compounds or 
oxidizing primary arylamines have been applied to anthraciuinone 
derivatives; e.g. 2-p-nitrophenylanthraquinone is converted into 4,4'- 
(lianthra(|uinonylazobenzene (VI), which is a yellow vat dye.’* 

(^\RBAZOLK J3EUlVATIVf:.S 

Ant hra(j[ui none vat dyes containing the (*arbazole nucleus follow 
the anthrimides logically, since the latter arc the penultimate iiilcT- 
inediates from which the carbazoles are prepared by a simple (welization 
process. These carliazole derivatives as a class are level-dyeing and 
possess excellent all-round fastness, and they include some of the most 
largely used anthracpiinone vat dyes. The shades are yellow, orange, 
khaki, brown, and olive. 

Mieg (1910) discovered that 1,1 '-anthrimides, which were of little or 
no value in themselves as dyes, underwent by treatment with aluminum 
chlori Ic I austic potash ring closure to (*arbazoles \\hi(‘h hail greatly 
unproved dyeing and fastness proptTties.’^ Thus l,l'-dianthrimide 
itself, completely valueless as a dye, gives the bright orange-yellow dye, 
Indanthrene Yellow FFKK. 'riie dicarbazoles (from the trianthrimides) 
and the tetracarbazole (from pentanthrirnuhq, especially the last, 



Indanthrene \ ellow FFRK 


Indanthrene Khaki CIG, are valuable dyes. Iiidaiithreiie Khaki (1(1, 
which gives a greenish tone of khaki with excellent fastness to all agencies, 
IS one of the major products of the dyestuff industry during war time, and 
the rnited States production in 1943 was over 10 million pounds (r2.5C< 
strength) of the value of over $11,000,000. One result of increasing the 
iiuinber of anthra(|uinone residues in the aiithrimido and carbazole series 
of (lyes is to improve the fastness to alkali boil. When only one anthra- 
9»hnonp nucleus is present as in some the acylamidoanthraiiuinones or 

id, FP 826,768. 

Id, BP 602,149 ; 503,556. 

MhB, DRp 240,080; Micg and IG, DRP 451,495; 464,292; 470,550; Baumann 
and TG, DRP 513,227. 
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the anthraquiuoiieacridoiies, reduction to the soluble leuco form is likely 
to occur during kier boiling by the action of alkali and reducing agents 
such as hydrolytic products of starch. When the dye is built up of mon' 
than one anthraquinono nucleus, the additional quinoiie groups act as 
oxidizing agents and restrain the reduction and conse<iuent bleeding oi 
the dye in the kier. 

An important advan(*e was made when it was observed that anthrim- 
ides containing benzamido groups in the 4- or o-position with reference 
to the imino group cyclized much more readily than tlu' parent anthrim- 
ides; agitation with concentrated sulfuric acid is ade(|uate for the purpose, 
and the resultant dyes are brighter and have better tinctorial power. 
The mechanism of the reactions which take place* when a polyanthrimklc 
is treated with sulfuric acid or aluminum chloride or caustic potash, and 
subscciucntly with an oxidizing agent, such as sodium hypochlorite, which 
is essential for the development of the pure shade, has not be(*n fully 
elucidated; the structures assigned to some of the dyes in this group an* 
plausible, rather than conclusively prov(*d. Thus some hydrolysis of the 
benzamido groups might take place,’^ and with poIyanthrimi(l(*s all the 
cyclizations to form the corresponding polycarbazole may not take place 
Indanthronc Brown R (Cl 1151) and similar dyes A\ere at one time 
assigned a<Tidine structures, but they are now considered to bt* carbazolcs 

Preparation. The general procedure® for tin* (H)nversion of unsuh- 
stituted anthrimides to carbazoles (e.g., 1,1 '-(Hunt hrimide to indanthreno 
Yellow FFRK; pentanthrimide to Indanthrene Khaki 2(J) is to heat a 
mixture of the anthrimide (4 parts) and aluminum chloride (8 parts) to 
about 100°, add sodium chloride (1 part) and continue heating until the 
melt solidifies. The temperature is then raisi'd till the charge become'' 
fluid, the temperature required for different anthrimides varying from 
150° to 250°; at this stage the reaction is exothermic and proceeds rapidlv 
to completion in the course of a few' minutes. 44ie midt is poured inU> 
water or dilute hydrochloric acid, boiled up, filtered and washed. There 
are by-products formed in the reaction, and their removal by a vigorous 
oxidation with dichromate and dilute sulfuric acid or alkaline hypo- 
chlorite is essential for obtaining the true shade of the dye. Thus, for 
Indanthrene Yellow FFRK, the wet paste is mixed with caustic soda 
solution and treated with hypochlorite (10 12% chlorine) at 80 85° until, 
a test for chlorine persists after four hours. This takes about 20 hoiir^, 
when the dye is filtered off and submitted to a second oxidation, in w'hicli 
it is agitated with water and nitrobenzene, and treated alternately w'ith 

” Baumann and IG, DRP 491,428. 

7*a ^vhile 1,1', 5,l"-trianthrimide gives a yellow dye by fusion with aluminum chlorid'*. 
ethanolic caustic potash yields an olive dye: Kublmann, BP 591,079. 
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hypochlorite and permanganate, until a vwual examination of the five 
indicates that the standard shade has l)eon produced. The orange diear- 
bazole (I), prepared by aluminum chloride cyclization of 1, T'-tri- 
anthrimide (11), is conlaminalcd with a monochloro-l,J'-dianthrimido- 
2.2'-carbazole, and (I) may bo separated by slurrying the reaction product 


(I) 




with Oo sulfuric acid at 100 llO*’ aial filtering f)lY tlie sparingly 

soluble sulfate of (I).’® 'i'he sodium-aluminum chloride fusion of 
Iriaiithrimidcs may be carried out in presence of nitrol>enzenc or potas- 
sium w 2 -nitrobenzciiesulfonate at 110-1(>0° Trichlorol)(*nzone as 
solvent fbr carbazolizatioii with aluminum chloride is stated to giv’o dyes 
^\ith improved shadi* ainl bright ness.^*^ 

Anthrimides can be cyclized to carbazolos by n‘flu\ing in a suitable 
solvent (e.g., o-diehlorobenzene) with titanium tetrachloride. Excess 
titanic chlori<le is distilleil off, the slurry is vatted, aerated, and oxidized 
with hypoehlorite.^® The earbazole from 1 ,2'-dianthrimide, an orange- 
red dye, is prepared in tliis manner. 

The general procedure for carbaztilizing anthrimides containing 
benzamido groups is to dissolve the anthrimide in live times its weight of 
sulfuric acid monohydrate at 30®, and add 78^1 sulfuric acid during a 
few hours. The precipitated dye is filtered and oxidized with about 1 % 
aqueous sodium chlorate, or dieliromate and dilute sulfuric acid, at 
about 90® for a few liours. Thus Iiulanthrene Golden Orange 30 
(Chart 1) is prepared by dissolving the anthrimide (III; 400 kg.) in 90 
Milfuric acid (1040 kg.) and 20^ I oleum (1010 kg.) at 30®, and adding 78% 

’’Soalem and Ainoricaii»(\vanainid, TSP 2,121,1^3 
«lu Pout, BP 572,428; see also Scalora and .\niorican (\\nnanjid, PSP 2,432,972. 
'•'Smyth, Cullinan and Ainorifaii (\aniimid. PSP 2,434,05(1 
hccher et a/., USP 2,416,931 ; BP 591,VH)7: st'o also ('iha. BP 585,798. 


(HART 1 

Preparation ok Indvnthrene Cioi.dkn Orange 30 
HtS0«, Hg 


Anthraquinone-1-sulfonic acid 
HNOi 

o-Nitroanthraquinone-l-sulfonic acid 
iia,Nacio, 

l-C'hloro-5-mtroBnthraqiiinonc 


Anthraquinone 


Hg. H.SO« 


Anthraquinone-1.5-disu!fonie acid 


|NaiS, NaOll 

1-C hloro-5-aniinoanthraquiiione 

I PhCOCt, o-duhlorobeniene 


1 ,.'>Diatninoanthraqumonc 


PhCOn (I mol«) 




Indanthrene Golden Orange 3G 
<102 
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sulfuric acid (2740 kg.) in 6—10 hours. The precipitated dyestuff is 
filtered and washed with 85-87% sulfuric acid (1200 kg.). The press 
fiike is mixed with 86% sulfuric acid (500 kg.), added to sodium dichro- 
inate (70 kg.) in water (6000 1.), and heated at 90“ with direct steam for 
.') hours. Sodium bi.sulfite is added; Ihe dyestuff is filtered and washed. 

Ill the cyclization of certain anthrimides to carbazolcs by means of 
aluminum chloride, the addition of sulfur dioxwlc or an alkali bi.sullite is 
an advantage.” The liquid complex from aluminum chloride and sulfur 
dioxide may be used together with sodium chlorhle.” Thus, for the 
carbazolizalion of the trianthrimide from l-chluro-l-benzamidoanthra- 
quinone and 1 .o-diamiiioanthraquiuone to form Indanthrene Red Brown 
(iR. the reagent employed i.s a mixture of aluminum chloride and sodium 



Indanthrene Red 


Brown OR 


cliloride into whicii snlfur is blown in; the mixUiro becomes fluid 

at 40*^ and th(‘ cyclization is comj)lete in one hour at 80°. The mixed 
imides from an acylamidoanthnKiuinone and an acridone or Ihioxanthone 
can be cyclized with aluminum chloride and sulfur dioxide at as low- as 
90®, and clearer red-brown dyes are obtained than by the older method 
usinK aluminum chloride in nitrobenzene solution. Even below a 
mixture of aluminum chloride and sodium bisullite yields the same 
dyes.^® The use of aluminum chloride in an a(‘id chloride (e.g., thienyl 
or benzoyl chloride) induces cyclization at very low temperatures, and in 
presence of an excess of acid chloride no hydrolysis of acylamido groups 
takes place.''® The molecular Cf impound of aluminum chloride and an 
aromatic nitrile is another useful cyclizing agent for anthrimides con- 
taining acylamido groups. The anthraquinonecarbazole dyestuffs, 
generally prepared by cyclization involving the loss of hydrogen to form 
a C-C" link, can be synthesized by other methods. An o-aminoaryl- 
aininoanthraquinone may be diazotized and heated with an organic 
•'iolveut and a base. The reaction has been applied to pioducts of vary- 

Wieners ami Miog, USP 2,212.9i>r) 

UJ, FP 843,525. 

HI, BP 519,123 
10, BP 451,432. 

10, BP 41)7,971. 
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ing complexity and yields yellow, brown, olive, and gray vat dycs.®^ In 
another method, 2-amino-l,r-dianthraquinouyl is heated with sodium- 
aluminum chloride at 150®; cyclization to a carbazole takes place and an 
olive vat dye is obtained.**® This can be applied to the production of 
carbazoles of the ms-benzo- or naphthodianthrone type such as (IV) 
When 1-arylaminoanthraquinones in which an ortho or prri position to 



the iinino group i.s substituted by halogen, the other being unsubstitulcd, 
are heated with acid-binding agents, ling closure takes pla(*e. When 
the aryl groui) is a benzene derivative, carbazoles are formed; but when 
the aryl is di- or polycyclic, the products are greenish-blue and bro\Nn 
vat dyes of the acridine type. Some of the products have been sulfonatcd 
to obtain wool dyes.*^ 

« Ciha, BP 433,574. 

« Ciba, FP 786,105. 

IG, BP 443,058 -0. 
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Constitution and shades. The siinpleHt member of the series is 
liidarithrene Yellow FFllK, which has the fastness properties charac- 
teristic of the series, but is a tenderer.*® The .Y-cthyl derivative of the 
linear isomer, prepared by condensing phthalic anhydride with iV-ethyl- 
carbazole and cyclizing to the bisanlhraquinono, was marketed at one 
lime as llydron Yellow (r, C or \F (Nissen and Saul, 191 1 ) (C; Cl 1150); 
blit the dye is now' obsolete, although the shade on cotton has been stated 




(0 be very fa^'t, especially to light ludanthrene (jolden Orange 3(1 
(MASF, 1021),''^ Indanthreiu* llrown li, and ludanthrene Olive R 
(Mieg, luitlj ar(‘ derivati\(*s o( ludanthrene Yellow FFRK with benz- 
amido groups in the 5.5'-, 1,5'- and 4, 4 '-positions. ludanthrene Golden 
Orange 3G is not a tmiderer.** ludanthrene Olive 3G is an analog of 
ludanthrene Olive R, in which the chloride of anthra(iuinonc‘-2-earboxylic 
acid replaces benzoyl chloride. By starling with fhti'-dichlorodianthrim- 
ulo and nitrating, reducing, benzoylating, and cyclizing with sulfuric acid 
to the carbazole, the olive dye has better fastness properties than the 
uiichlorinated compound.*^® A purified brand of ludanthrene Browui R, 
obtained by treatment with 88 sulfurie acid and then with dichromate 
and acid, is marketed as ludanthrene Brown FFK When the dian- 
thrimides obtained by condensing a mixture of l-aniino-5- and 8-benza- 
midoanthraipiinone w ith l-chloro-1-benzamidoaiilhraquinonein nitroben- 
zene solution are treated, without isolation, with aluminum chloride, a 
bright brown carbazole dye of good fastness to light and chlorine is 
obtained in high yield.®’ The introduction of a methoxyl group in Indan- 
threne Brown R gives Indanthrene Red Brown 5RF, w^hich is prepared by 
the carbazolization of the anthrimide from l-chloro-5-benzamido-8- 
inet hoxyanthraquinone and l-amino-4-benzamidoanthraquinone.* 

Indanthrene Orange 2RN is a new^ IG dye, stated to be cheaper lo 
manufacture and to have better fastness properties than ludanthrene 
Orange 2R. Its constitution is interesting as a derivative of 1,2-phthal- 
<>ylcarbazolc-8-carboxylie acid.^* 

(T (hi Pout, BP 513,281; Schmidt, Z, amjnc Cfum. 41, 42 (1928). 

tVttwyler and du Pont. USP 2,111,092. 

^calora, Stewart and American Cyanamid, FSP 2,425,120. 
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Triant hrimides and thoir honzamido derivatives yi(‘Id diearbazolf^s 
which eonstitute a series of usetul vat dye^ Examples aic IndaiilhieiK 
Brown GR (Thlenhiith, 1008) (from 1,1', l,r'-tiiauthnmide). Yellow 
(from l,r,r>,l"-truinthrimide), and fndanthrene Red Brown GH, which 
is the 4',T'-dibenzamido <len\ative ol Yellow Mi, piepaied by the 
rarbazolization of the anthiimide fiom one mole ot I ,.■)-dla^llnoanthla- 
(^ulnone condensed with two moles ol l-chloio- 1-benzamidoanthia- 
quiiione Indanthrene Yellow 3RT is not one ot the \ery active ten- 
derers.^® Indanthrene Yellow 3R is a puiified toiin ot Indanthu'TK* 
Yellow 3RT A pniei brand ot IndaiithieiH* Blown GH is maiketed 
as rndanthrene Brown BH The cvclization ot the tininthninide in 




AccordiiiK to Ilof 18, Indanthrene Yellow 3R is the israner from 1,8-diamiMo 
anthraqninone 
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Iiiclanthrene Brown BR i« effected in a pyridine base, b.p. 140-144®, with 
aluminum chloride at 135®. 

Indanthrene Khaki G(J (MLB; 1911) is an important dye, usually 
lormulated as a tetracarbazolc (see Chart 2 for preparation). There 
some doubt, however, if all the four anthrimidc group.s undergo cycliza- 
tion under the conditions of the aluminum chloride-sodium chloride 
treatment. Indanthrene Khaki CC shades are markedly olive in tone 
in comparison with the usual mineral khaki shades; for obtaining the 
correct shade and level results, the temperature of v^atting and dyeing 
must not exceed 60®, glue must be added to the dyebath, aiul the dyed 
material must bo soured with 0.1 0.2% formic or sulfuric acid before 
soaping. A greenish oli\e dye with excellent fastness properties, allied 

fUfAHT 2 

PllKCVIlMlON Oh ISDWriiRLNh Kh«KI (1(1 


4 41. Hg. 40 %oUum, IGO* . i 

Anthraquinonp ^ Anlhra({umone>l,5- and 

1 ,8-disu!fonic acul 



Indanthrene Khaki GG 
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in constitution to Indanthrene Khaki GG, is prepared by the carbazoliza- 
tion of the pentanthrimidc (V), in which one X is an a-anthraquinonyl- 
amiiio group and the other X is hydrogen.*’* 



The interest in the aiitliraquinonoearbazole series, especially the 
complex dyes of brown, black-brown and gray shades, is sho\Mi by tli(‘ 
large number of patents on the subject.*** The presence of benzainido 
groups containing alkyl- or aryl-sulfonyl substituents in anthriinides and 
anthraciuinone<*arbazoles gives dyes A^ith improved fastness and printing 
properties.*- pure brown-red dye’^ is obtained by condensing 

l,*l-diaminoanthra(iuinone (4S) simultaneously nith 1-chloroanthra- 
(luinonc (48) and ho-dichloroanthrafpiinoiu* (28), and carbazolizing the 
product.®* l,4-Dichloro-r)-benzamidoanthra<|ninone is (*ondensed with 
two moles of an a-aminoanthraquiiioue, and the triant hrimidc* is carbazo- 
lized,**^ l,4-Dichloroanthraquinone-b-carbo\yl chloride is condeii'-cd 
with l-amino-4- or r>-benznmidoanthra(iuinone, and cyclized with 
aluminum chloride in nitrobenzene, or with sulfuri(‘ acid and sodium 
dichromate, to cold-dyeing browns.®* losing r-broino-1-acylamido-l^ 
methylanthraquinone as the primary intermediate, browns of clearer 
shades than in the aKsence of the 3-methyl group are obtained.®^ Brown 
vat dyes of good fastness are obtained by condensing 1 jti-dichloroanthra- 
ciuinone wnth one mole of an a-aminoanthraquinoru', cyclizing the 
1,1 '-diant hrimide to the carbazole, and condensing the remaining halog( n 
with an a-aminoanthraquinone, aminoanthra(|uinoneacridone, amiiio- 
pyridanthrone, etc.®* By condensing r)-amino-2,l (*S)-anthraquin()m- 
thioxanthone wdth l-chloro-4 or 8-benzamidoanthraquinone, cyclizing h^ 
aluminum chloride fusion in pyridine or nitrobenzene, and oxidizing 
finally, the dyes arc orange to red in shade, are fast to bleaching, ami 

Smyth and American Cyanamid, USP 2,385,113. 

K.g., sec Ciba, BP 433,090; BP 414,520; 10, DUP Anm. J. 48,774; BP 410,552 
»» (^ba, SP 232, "97; 236,083-8; 242,509-11 ; 244,765, TSP 3,453,232 
** Ciha, BP 580,042; Kiihlmann, BP 002,010 
” Ciba, BP 585,798; BSP 2,459,424; 2.173,949-50 

Oraham and ihi Pont, USP 2,152,180. 

Doinet and du Pont, USP 2,162,190. 

biilek, TMtwylrr, and du Pont, VHP 2,203,227, du Pont, BP 512,591 
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have printing properticws.®® Two aniinodianthrimide residues nmy he 
joined by acylation with a dibasic carboxylic a(*i(l and cyclized to car- 
biizoles;®^ thus terephthaloyl-bis-(.‘)-amino-.j'-benzamido-l,r-dianthrim- 
iJe) yields an orange-yellow vat dye.‘-^s l,2-Phlhal()ylcarbazolemono- 
carboxylic acids are used to acylate aminoanthra(juiiiones, yielding 
fast yellow, orange and red dyestuffs, which may be also obtained if 
the aininoanthraquinone is acylated with a suitable acylamidoanthra- 
t|iiinonecarboxyli<* acid and the product then cyclized. Indunthrene 
Olive R may l)e partly debenzoylated and tlu* product rea(‘ylatcd with 
1 ,r/-anthraisothiazole-3-carboxylic acid to o])tain an olive green vat dye 
with excellent fastness;^®® if the partially debenzo^dated substance is 
iicctylated and cyclized, c.g., with acetic acid and oleum, a dark brown 
vat dye is obtained, which may be a J ,9-pyridone.^®^ C'yelization of 
S',S"-dibenzamido-l ,r, t,l"-trianthrimide, prepared from 1 ,4-diamino- 
ant hraquinoiic and 2 moles of l-chloro-S-benzami»loaiithraquinone, with 
ahirninum chloride in pres(‘nce of a tertiary base* gives a red-brown vat 
(lye, particularly fast to tight. Vattable compounds containing 
pyridip^' ( ^ pvridono rings and subst initial by arylamino groups have 
heen cyclized to obtain yellow, olive-brown, blue-green or gray shades 
according to the complexity of the molecule.^®® Thus acridone-car- 
hazole \'a( dyes are yellow, gray, khaki, brow’ii and blai^k; the fa.st deep 
shades are specially useful in printing and for the formation of leu<*o 
"ulfuric esters. 

(’iba synthesize a .series of dyes b\" condensing 3-chloro- or 3-bromo- 
I-acvlamidoanthraiiuinone with amines, amides and mercaptans, espe- 
cially w ith l-amin()-4- or o-beiizamidoanlhrafiuinones;’^^^ 1 ,3-dihalo- 
geiioanthraciiiinones can be condensed in the sami way.^‘^® A more 
complicated dye is obtained w hen 1,3-dichloroanthraqninone is condensed 
with two moles of 1 ,4-diaininoanthraquinone, the product condensed 
again w’ith two moles of a-aminoanthra<|uinone, and finally heated with 

" Dottwylor and du Pont, BP 5(il,754. Sec also M.ax, Ttandall, and (General Aniline 
and Pilm, BP l»21,705. 

’’ Lulek, BcIoIkt, and d\i Pont, VSP 2,045,301. 

'"*fiUlek, Belcher, and du Pont, TSP 2,124, H>5. 

10, BP 407,971. 

‘ '“IrvinK, Shaw, and 1(^1, BP 140,910. 

Irving, Shaw, and IC4, BP 417,545. 

BP 539,107. 

10, BP 458,099. See also Ciha, SP 257,722. 

10, BP 439,180; (lubelmann, Goodrich, Dettwyler, and du Pont, I'SP 2,001,418-9. 
See also Max, Uandall, and (iencral Aniline and Film. BP 020,782. 

'‘‘‘(Jjha, BP 381,942. 

’ "''Oiha, BP 381,920. 
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aluminum chloride in pyridine. The final prochu*! probably contains 
five anthraquinone and two carbazole nuclei and such dyes give dark 
shades such as blackish-olive.'®’ When dihalogenounlhraquinones are 
condensed with aminodiphthaloyl-carbazoles and the products cyclized, 
fast broAMi and maroon dyes are obtained.'®* 

A carbazole derivative'®® with only one anthraciuinone residue is the 
greenish yellow dye (\T), which is brighter and taster tliun the corre 
sponding dye without the trifluoroniethyl group, and which yields a 
useful leuco sulfuric ester, ("arbazole vat dyes, derived from two anthra- 
<|uinone molecules combined wdth one mole(*ule of a naidilhalene deriva- 
tive such as 2,()-dibrom(»naphthalene, have been described;''® the dyes 



(eg. benzamido denvatnes of VH) are red-bnuin to violet in slunk* 
Using other polycyclic hydrocaibons, bniwn carbazole dyes have been 
obtained from eompounds of the general type (RXH;„U', wdiere n = 1 
or more, R is a vat table residue, and R' may be the radical of chrysene, 
phenanthrene, or fluoranthene."' 2,7-I)ibroniodiphenyleiie oxide and 
two moles of l-amino-o-benzamidoanthra(juinone, condensed and treated 
with sulfunc and nitrous acids, give a fast brown vat dye. Ollici 
vattable amines and the dibromo derivatives of thianthrene, diphenylenc 
sulfide or sulfone, dinaphthylenethiophene, etc , may Ix' used 

IviDXZOLK DEltTVATIVES 

When 2-amino- 1 ,*l-bisbenzamuloanthra(piinone (I) is treate<l witl) 
concentrated sulfuric acirl, eyclization to an imidazole occurs, togetlici 

(’iba, BP 241 
Kuhlmann, FP 804,074 
><•» IG, BP 403,211 

Ciba, BP 522,057-8. SP 225,713. 

Ciba, BP 516,130-1; 510,776; 525,704, 630,205 
Ciba, BP 542,577, SP 210,504 0. 218,308 
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with hydrolysis of the 4-benzamido group; ro-beiizoylation of the 4-amino 
group is stated to yield a bright orange dye, Iiidanthrene Orange FFH K;*'* 
but the dye is not in the current 1(1 shade card. Risimidazole derivativ es 


II NHCOPh 

CXX)" 

II NUCOPh 
(I) 0 


1 H9SO4 2 Phroc i 



Indanthrciic Orange FFRK 


:iH‘ obtained from o-amino alkyl- oi aiylainiiioamhiafiuinonos and the 
( hloride.s of aromatic m- or p-dicarboxylic acids The imidazoles from 
(Mliaminoanthra<iuinones arc sensitive to alkali, but the dialkyl or aryl 



derivatives (e. R. in are last yellow dye.s. I selul dyes are obtained by 
condensinj^ the imidazole from 3-bromo-l,2-diaminoanthra(iuinone U)»‘ a 
similar oxazole) with 1 -amino- 1- or o-henzamidoanthraciinnone 

( )x \ZOLK DkIUV VTIVK.S # 

Vn oxazole derivative in the eummereial range of anthiaquinone vat 
dyes is Indanthreiio Ked FHB (Caledon Brilliant Hod 3B; whieh gives a 
dull brown v'at and dyes strawberry-red shades with very high all-round 
fastness (light 0 7; alkali boil 4 o: chlorine o). Iiidanthrene Red FFB 
IS apparently identical with Red FBB.*‘® Like the analogous thiazoles, 
Indanthrene Blue CLG and Iiidanthrene Rubine B, Iiidanthrene Red 
LBB is interesting as being among the very few 2,3-substituted or linear 
derivatives of anthraipiinone which have the requisite affinity for prac- 
tical dyeing. 

“’Uov^e, The Df'velopmrnt of th<» Chcnu^tiv of (\>mmorcial Institute of 

F’hemistry, Tendon, 103S. 

IG, DRp Anm. J. 49,049. 

"‘Kuhlmann, BP 591,980. 

^inith and Reid, Chemistry d* huinstru 43 , OTo (I948i 



CHART 3 

Preparation of Indanthkbne Red FRB 
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Indanthrene Red FBB 
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Amino, acylamido, and cyano derivatives of Indaii throne Red FBB, 
which are blue, violet, gra}', or brown dyestiilTs, have been prepared."^- ***• 
2 -Aminoquinizarin has been converted into l)right red oxazole dyes by 
condensation with J-aminoantliracpiinone-i-carboxylic aeid; the products 
may be alkylated.*’® 2,4-HiHacylamido-l-hy<lro\yanthi*afjuinones have 
t)ceu used to form oxazoles by treatment with an acid eondensing agent; 
yellow, orange, pink and brown vat dye.s an* obtained The simpler 
oxazolcs have been iKsed as dyestufT interim^diates; l-amino- or 1-haIo- 
geno-anthra(iuinone-l,2- or 2,1-oxazoles, condensed with halogeno- or 
aminoanthra<iuinone.s and cyelized to carbazoles, yield orange to red- 
brown dyes of excellent fastness.*-* 

Yellow, brown and olive dyes have b(*en prepared, in which the 
anthraiiuinone-oxazole is not attached to a mu’lear carlion atom in the 
second anthraquinone residue, as in linlanthn'iie Red FI^H, but by means 
of an irnino or carlH)\ylamido group.'-’ Thu'* halogen denvativ’es of 
anthraiiuinone-oxazoles are conden.sed with aminoanthraiiuinone.s, giving 
red, i)lue and violet vat dyes.*-^ (Kazoles, thiazoles or imidazoles, in 
which ^he carbon atom in the azole ring is un.substituted, condense to 
himolecular products on treatment with copper .salts in solvents. With 



anthra(tuinone d(M*iv'a lives, the dyes ((*.g. 1) are apparently identical 
with the products of the interaction of 2-amino-3-hydro\y or 3-mercapto- 


Ki, HP 420,350. 

ICl, FP 785.275; Ciba. HP 030,375. 
"MO, DRP Anm. J. 51,001. 

10, BP 454,237. 

TO. DRP Anm. J. 51,078. 

Ki, HP 478,700. 

Kulilmann, FP 851.350. 
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authraquiiione or 2,3-diaminoanthraqumone with oxalic acid or glyoxal. ' 

l-Bromo-2-amiiioanthraquinones, on heating with an acid chloride, 
potassium acetate and a copper salt, undergo cyclization to oxazoles. 
Vsing 1 ,3-dibromo-2-aminoant hraquinone and naphthjilene-1 ,4-dicar- 
boxylic acid, the bis-oxazolo (II) dyes cotton a fast, bright yellow. *** 
C'ondensing (II) and its analogs with a-aminoaiithraquinone, the bis- 
dianthrimides dye orange shades “exhibiting better light fastness than 
the existing orange dyes.“ Red vat dyes are obtained by cyclizing a 
1,2-bis (anthraquinonylcarboiiyl) hydrazine to the 2,i!)-dianthra(piinonyU 
1 ,3,4-oxadiazole. 

Yellow anthraquinoneseleuazole vat dyes have been prepared by 
condensing 2-amino-l-seIenoloanthra(iuinones with aromatic mono- or 
dicarboxylic chlorides.'^* 

Tuivzole Dkuivativks 

In view of the structural analogy with the pyrazole, imidazole and 
oxazole derivatives, it is convenient at this stage to <leal with vat (ly(‘s 
prepared from anthraquinone-thiazoles: anthra( 4 uinonoid vat dyes con- 
taining the thiazole ring system also occur among the sulfiinzc'd vat 
dyes.** 

Algol Yellow 8G, prepared by the action of glyoxal on 2-amjno-l- 
mercaptoanthraquinone (I) in sulfuric acid solution followed by hyi)o- 
chlorite oxidation, is not marketed as such, since it is a tenderer and the 


O 

II SH. 



NH, 


(I) O 



AIroI Yellow SG 


light fastness is low for a vat dye, but it is used as a shading color, being 
useful for this purpose because of its ready applicability by all the vat 
dyeing methods. ^ (dyoxal, in the form of its sulfate, is made by the 
interaction of tetrachloroethane and 65% oleum in presence of a little 
mercuric chloride, and (I) is made by healing l-chloro-2-aminoanthra- 
quinone with sodium sulfide, sulfur and water. 

IG, BP 478,549. 

Deinet and du Pont, tJSP 2,415,937-8. 

Stilmar and du Pont, USP 2,404,831. 

**• du Pont, BP 423,447. 
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Indanthrcne Blue CLG 
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Indanthreae Rubine B, Blue CLG and Blue CLB are recent IG 
introductions, which arc interesting as linear or 2,3-substituted anthra- 
quinone derivatives, while the 1,2- or angular orientation is much more 
common. Tlie pre])aration of Indanthreae Blue CLB is outlined in 
Chart 4, and Blue CLG is the analogous dye without the trifluoromethyl 
group. Indanthreae Blue (^LB has excellent all-round fastness, and 
examples of other dyes containing the remarkably stable trifluoromethyl 
group, which is claimed to increase the brightness, tinctorial value, 
and light fastness, have been cited elsewhere; the fastness to chlorine (o) 
is noteworthy in view of the relatively low chlorine fastness of other vat 
blues. 

Indanthrene Rubine B, w'hich has a light fastness (0 7) a grade hwer 
than Blue CLB, is prepared by a similar thiazole synthesis from the same 
intermediate, 2-chloro-3-aminoanthraciiiinone. 



CondeiLsing 2-amino- l-mercaptoanthraquinonc with the chloride of 
l,4-bisbenzamidoanthraquinone-6-carboxylic acid, the product (II) is a 
red-brown printing vat dye of good fastness.^®* 


0 



See also K;, BP 436,961; DUP 745,417; FP 825,573 
IG, BP 480,749 ; 512,680. 

Graham and da Pont, USP 2,179,551. 
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An alternative route to these thiazoles is to condense an aminomer- 
captoaiithraqiiinone with l-aminoanthraquinone-2-aldehyde by means 
of 90 -100% sulfuric acid; the azomethine first formed undergoes oxida- 
tion and cyclization to the thiazole. Anthraciuinoncdilhiazoles fe.g. Ill 
prepared in this manner from 3,7-dichloro-2,r)-diamino-l,o-dimercapto- 
anthraquinonc and two moles of l-aminoanfhra(iuinone-2-aldehydG, are 
vat (lyes of excellent fast ness 

Acridonks 

Anthraciuinone vat dyes containing the acridoiie ring system were 
first made by rilmann in 1909, and although many acridoiies derived 
from anthra(juinone have been synthesized, Cl records only three dyes 
of this type. More reiTiitly there has been ccjnsiderable activity in this 
held as shown by the patent literature. The anthraquinoiie vat dj'e 
range now includes nearly twcnity acridones, which have excellent fast- 
ness to light and chlorine, hut the fastne.'^s to alkali boil is of a lower 
(l(*gree, and the use of the dyes is therefore limited mainly to piece dyeing. 
The average fastness grades of acridon(\s are: light 7, chlorine 4, and soda 
boil 3. The acridone dyes are generally of the cold dyeing class, giving 
readily soluble vats with gcjod substantivity. The shades of the com- 
mercial dyes now cover a very wide range including orange, red, violet, 
blue, green, brown and khaki. The deeper shad(\s and the tertiary 
shades are produced by the addition of other heterocyclic systems stich 
as (luinazolinc and carbazole and the alkali fastness is simultaneously 
improved. The alkali-hydrosulfite vats are usually brown, wine-red or 
vioh^t in color. 

Of the three isomeric anthra((uinone-acridones, u is only the a-amiiio- 
iiiithrafiuinone derivatives (I) which are technically important. The 
parent compound (I) is red-violet, and the inirodu(*tion of an amino 
group in the G-position gives a blue dye. Two variations of the type (I) 
are to be found among the tecjhnically useful dyc's. While the pyridone 
ring in (I) unites an anthraqiiinone nucleus with a benzene ring, the 
latter may be replaced by naphthalene or aiilhriupiinone. Secondly, 
two acridone systems may be pre.sent in conjunction with one anthra- 
(luinone nucleus. 

Synthetic routes. The main synthetic mc'thod consist. s in the cycliza- 
tion of a l-arylaminoanthraquimnie carboxylic acid, in which the carboxyl 
group is adjacent to the imino group in the anthraqiiinone nucleus as in 
(II) or in the aryl residue as in (III). The cyclization is usually effected 

Hintelman and du Pont, USP 2,335,698. 
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by means of concentrated sulfuric acid at about 100®. Chlorosulfomc* 
acid may be added, or used by itself/®* and among other cyclizing agents 
are acetic anhydride and acetyl chloride, ferric chloride, benzoyl chlo- 
ride,*®® phosphorus pentachloride and thionyl chloride.*®^ The action 
of aluminum chloride on the chloride of (II) or (III),*®® and of zinc dust 
and ammonia or of sodium hydrosulfite on their esters, are other methods 
for the preparation of (I).**® 

The acids (II) and (III) are usually prepared by an application of the 
rilmann reaction in which the condensation may be between l-chloro- 
anthraquinone-2-carboxylic acid and aniline, or l-chloroanthracjuinone 
and anthranilic acid, or 1-aminoanthraquinone and o-chlorobenzoi(* 
acid.*®* The preferred method depends on the accessibility of the inter- 
mediates for the various types of acridone dyes. When one of the 
reactants is an anthraquinone carboxylic acid, the use of sodium acetate 
a.s an acid-binding agent in the Ullmann synthesis leatls to some decai- 
bo.xylation and low yields; better yields are obtauied by using a car- 
bonate, e.g of calcium or magnesium.**^ Another useful method for the 
preparation of l-acylaminoanthraquinone carboxylic acids is the con- 
densation of l-nitroanthra(iuinone-2-carbo\ylic acid with an aromatic 
amine or of a nitroanthraquinone with an arylamine-o-carboxylic acid, 
under suitable conditions, e.g. by using arsenic or phosphorus ehloridt* 
(cf. preparation of Indanthrene Red RK), the reaction proceeds directly 
to the acridone. l-Xitroanthraquinone-2-carboxylic acid is an imjmr- 
tant intermediate for the acridone dyes. Some of the other routes to the 

(Tllinann and Ochsnor, Ann. 381 , 1 (1911), IJilnmnn and Kiser, Her. 49 , 2ir)l 
^1916); rilniatin and Dootson, ihifl 61 , 9 (1918); Ullnmnn, 13RP 221,853 
BASF, DRP 237,546; 240,002; MLR, DRP 240,327, BASF, DRP 269,850 

MLB, DRP 243,586; IG, DRP 531,013. 

*** BASF, DRP 248,170; Bauer, Hoyer, Bollwog,'*and General Andine Works, TSr 
2,097,112 

Ullmann and Sone, Ann. 880 , 336 (1911); Ullmann and Billig, ibid. 381 , 22 (1911), 
BASF, DRP 237,236-7; USP 1,967,364. 

*** Ullmann, Her. 43 , 536 (1910); Ullmann and Dasgupta, ibid. 47 , 5.53 (1914) 

BASF, DRP 246,966. 

BASF, DRP 268,210 
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l)rnultimato intermodiatC8 represented by (II) and (III) are the oxida- 
tion or alkali ftjsion of l-arylainino-2-mcthylanthraquinone or its chlori- 
nation to the trichloromelhyl compound, followed by hydrolysis to the 
carboxylic acid or chloride the hydrolysis of l-arylamino-2- 
cyanoanthra(tuinon<‘; and the addition of l-aminoaiithraquinone to 
l,2-naphlliO(|uinone-3-carboxyli<- acid with the formation of (IVj. 



Methods have also beim described in which the acridone synthesis 
(Iocs out proceed through carboxylic acids such as (ID and (HD. The 
cyclization of an arylaminocyanoanthraciuinone to an acridone may 
proceed through the formation of the ketimide (V), rather than the 
carboxylic* acid (II or 111).*^® More interesting is the action of 
aluminum cliloride in nitrobenzene on the anthracpiinonyl-isatin (VD. 
when carbon monoxide is lost and the acridone (I) is formed; (VI) results 
Irom the coiulc'n.sation of 1-chloroanthraquinono and isatin or 1-anilino- 
anthraciuinonc and oxalyl chloride.**^ A method in which a 2-benzoyl- 
anlhraciuinoiic is conve^rted into an acridone by effecting the necessary 
nnino linkage, in contrast to the normal procedure of (‘yclizing an aryl- 
aniinoanthracininonc carboxylic acid. Is to heat l-chloro-2-o-chloro- 
hcnzoylanthraqninoiie with p-toluenesiilfonamide.*^- l-Aminoanthra- 
(luiiu)iio-2-al(lehy(lc' and /J^-naphthol condense in presence of sulfuric or 
phosjihoric acid to form 3, t-phthaloyl-7,8-benzacridine (VII), oxidizable 
to a red vat dye.*^-'" 

Shades of the acridone dyes. The parent acridone (D, conveniently 
prepan»d from l-chl()roanthrac|uinonc-2-(*arbo\ylic acid (VHI ) and 
aniline, is not useful as a dye; but wlien l-anilinoanthra(iuinone-2- 
carboxylic acid (ID is chlorinatcul in .sulfuric acid solution, cyclization 

BASF, m\V 102,430, 272.200, 275.071, 2S3.724. 

^’Schaarachmiai, Ann. 406, 05 (lOU). 

’"'Schaarschmidt, DKP 200,800. 

Hayor, DUP 280,005. 

H.VSF, \mV 272,207. 

BP 508,708 
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was markrted as Indanthreiie Rod Violet RHK (Hally, 1910; (BASF; 
Cl, 1 IGl) ((.'aledoii Rod \'iolet 2RX).*^ The acridone (I) may bo iso- 
lated and chlorinated subsequently, e.^^. by means of sulfuryl (•hlori(l<‘ 
ilaki and Ej'uchi**** have prepared pure mono-, di- and Irichloro (leri\a- 
tives of (I) by progrt*ssive chlorination with sulfiiryl cliloride in proM'nci* 
of iodine, and from the color reactions and analysis they concliuh' (hat 
Indanthrene Red Violet RRK consists of 78% Irichloro and 22 dichloro 
compounds. They have assumed that the trichloiination takes place 
entirely in the benzene ring. Indanthrene Re<l ^"iolet RRK has also be(‘n 
stated to be the G,10, l2-(richloro derivative of (1).^^ The profound 
influence of the number and position of the chluriiu* atoms is shown by 
the following examples of tlie color of chloro derivatives ol (I): 12-(*hlori», 
bluish-red; 9,1 2-dichloro, claret red: 9,1 1-dichloro, orange: H).12-<lichloio, 
violet; 9, JO, 12-trichloro, claret red: 9.1 1,12-trichloi;^, orang(^ 


Caledon Red Violet 2HX and Tinon Chlorine Red Violet 2RN 
appear to be chlorinated acridones analogous to Indanthrene R(h 1 
Violet RRK.^*^“ Pentachloro and hexachloro derivatives of (I) have 



BASF, DltP 258,501; DRP 522,000; 529,. 5*55; Howe asoribeH this constitution to 
Indanthrene Hed Violet RHX which is a thioindigohl dye. 

Ckem, Ind. Japan, 44 , 788 (1941). 

According to P’ox, J. Soc, Dyrrs Colourists 65, 515 (1949), Caledon Hed Vioht 
2RN is mainly the 9,10, ll-triehloro derivative of (I). 
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also been marketed. When l-nitro-2-meihylanthraquinone is condensed 
with aniline at 175®, and the l-anilino-2-methylanthraquinone thus 
formed is treated with chlorine in nitroheiizenc or trichlorobenzene 
polution, the product is the li(»xachloro derivative of (Ij, Indaiithrene 
Pink B. One of the chlorine atoms (probably the 7-substituent) is labile, 
and is removed under the ordinary conditions of ratting with hydro- 
pulfite and caustic soda; the hexachlom compound has therefore become 
obsolete, and the pentachloro compound is niaiketed as indanthrene 
Hrilliant Pink BBIi. The dye appears to hav(» becji sold formerly under 
the name Ijulanthrcne Pink FBHL, and Jt will probably be AMthdrawn 


Cl 



ru \RT .> 
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from the selling range.* These violet and pink chloroaeridones have* 
maximum light fastness (8), but the fastness to alkali boil is low (2), and 
they are only recommended for piece dyeing. When a halogen is in the 
7-position and two halogen atoms (of which one is in the 9- or 1 1 -position ) 
are in the benzene ring, the tinctorial power is increased; thus the 7,9,10,- 
11,12-pentachloro compound is an intense and brilliant red vat dye.'^® 
The di- or trichloro derivatives of (I), made by condensing l-chloro- 
anthraquinone-2-carboxylic acid (Vlll) with 2.r)-dichloro- or a trichloro- 
aniline and further cyclization of the intermediate carboxylic acid, are 
orange to red dyes which are t‘laimed to be fast to caustic alkali boilitig; 
e.g. (IX). 

The red to violet dyes obtained by cy(‘lizing l-(2'-pheiK)vy)anilino- 
anthraquinoiie-2-<‘arboxylic acid have good fastness to light and boiling. 
The introduction of two chlorine atoms in a dye of this ty])e leads to a 
pink dye (Indanthrene Brilliant Pink HL), which is prepared by the 
indicated series of reactions ;*• the dye has better fastiu'ss to light than 
Indanthrene Brilliant Pink and has the further advantage over the 
latter dye of being nontendering. Indanthrene* Brilliant Pink BL is 
stated to bo specially valuable for furnishing fabrics. 

Derivatives of (I) having a carbo\vl group in the b(*n#en(* ring, wdiich 
may be used to acylate arninoanthracpiinones, are obtained by condensing 
l-chloroanthraquinone-2-carboxylic u<*id with an aminoarylcarboxylic 
acid and then cyclizing.'***^ Indanthrene Orange HR, which has <*\cellenl 
all-round fastness (light 7 8; chlorine 5: soda boil 1) and is free from tlu* 



IG, BP 399,401 DUP 582, 109. 

IG, BP 366,055. 

IG, BP 468,106. 

BIOS 1088 . 

*«See Chapter XXXIII. 

'»» Wuertz and da Pont, tJSP 1,950,348. 
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teridcriug defect, is prepared by condensing l-iiitroanthraquiiione>2' 
carboxylic acid with p-aminobenzoic acid in aciueous solution in presence 
uf magnesium oxide, cyclizing to the acridonc, converting the lO-carboxyl 
group to the chloride by means of thionyl chloride, and finally condensing 
the acid chloride with l-amino-o-benzarnidoaiitliraciuinone. In view of 
manufacturing difficulties l(i had not planned to produce the dye on a 
technical scale.- 

By linking up an amdone of the type ot (0 with a-aminoanthra- 
(juinone through an -XHCl) group, a bordeaiix dye (Indanthrene 
Bordeaux Bli) is produced.^ 

A naphthalene analog of (I), prepared in one operation by heating 
l-uitroanthraiiuinone-2-carboxylic acid, /^-naphthylaminc (2 moles) and 
arsenic trichloride (or trioxide) in o-di chlorobenzene, is Indanthrene Red 
IIK (BX, BAHF; Cl 1H)2). It is curious that, A\hile this /i-naphthyl- 
amine derivative has lieen known and used for a long lime (Luttriiighaus, 
1910), the isomer from a-naphthylamine was described many years later 
( 1937) as the basis of a series of bordeaux, violet, brown, olive-green, and 
gray d> prodiieed by suitable substitution.*'’’ (Ireon, olive and brow’u 
shades arc obtained hy treating an o-carbo.\yanthrarpiinonylamiiiopyrene 
with an a<‘id halide, and by nitration, halogeiuilion, etc.^’*- 

The eoiidensation of l,r)-dn‘hloioanthra(juinone with potassium 
anthranilate and cyclization by means ol Milfuric acid or chlorosulfonic 
acid gives the bisacridone, Indanthrene ^’i()let BN (RN, JiASF; Cl 
1103) (rilinann, 1909), a jnirer brand marketed as Indanthrene 
Violet FFBX, 



A bright orange dye in which two anthraqiiinonc molecules are 
bridged by a pyridoiie ring is Indanthrene Orange F3R, which is the 

Ciba, BP AppK 797/1937. 

Ciba, BP 604,502; BP 526,795. 
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only one of the commercial acridoiies with the highest fastness to alkali 
boil (5). It is prepared by the interaction of l-nitr()anthra(iuinone-2- 
carboxylic acid and /i-aminoaiithra(ininone in boiling (^-dichlorobenzeiie 
in presence of sodium (Tirbonate and cyclization with sulfuric acid.*'^* 
An earlier brand of Indanthrene Orange F3R appears to have been a 
homolog of the indicated structure; one of the anthraciuinone units 
contained a methyl group, and the preparation was through a series ol 
reactions starting from the (*ondensalion of phthalic anhydride and 
toluene. Ked-brown, blue-green and gray dye.s are obtained by tin* 
double ej'dization of the condensation products of an o-<*hloroantlira- 
quin one-carboxylic acid and a 2-(8'-aminobenzoyl)benzoic acid with 
suitable substituents in the 4'-position.'^® Henzamido derivatives of an 
isomer of Indanthrene Orange F3R, prepared for instance by tlie cy(‘liza- 
tion of 5-benzamido-J , 1 '-dianthrimidc-2'-carbt)\vlie acid, ha v(‘ been 
described.^®® 

An important modification of the simple ty])e represented by (I ) and 
Indanthrene Red Violet RRK is the introdindion of an amino group in 
the C-position. Two valuable blue dyes, Indanthrene Tunpioi.se Rlu(' 
GK and SGK, have been obtained in this manner, and a notabh* feature 
of the synthesis is the use of 4-bromo-l-aminoanthra(iuinone-2-sulfonic 




COOH 


Cl 




See also BASF, DRP 279,867. 

BASF, DUP 237,546; 268,219. 

»» ICI, BP 358,421. 

American Cyanamid, BP 592,970; 593,055; USP 2,449,011; 2,468,605; 2,492,802. 
See also USP 2,463,810; 2,475,521. 
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acid (X), which is produced on a large s(‘ale as an intermediate for a series 
of important acid anthraquinone dyes;^” the anilinoanthraquinoiie 
preparation can thus be carried out in afiueous solution. After cycliza- 
tion of (XI) to the acridone (XII), treatment with hydrosulfite and 
caustic soda solution^^® at about 00® removes the sulfonic group; in some 
cases (e.g., the condensation product of X and l-trifluoromcthylau- 
thranilic acid), heating with sulfuric acid effects both ring closure and 
hydrolysis of the sulfonic group. The dye obtained by benzoylation 
of the aminotrifluoromethyl derivative of (I) is an addition to the vat 
blues which 10 were planning to introduce uiuh^r the name Indaiithrene 
Printing Blue FG.^* The dye appeared to have a future in calico 

printing for its similarity in shade to Indanthrenc Blue RSX, good dis- 
chargeability and improved fastness to chlorine. Indanthrenc 'runpioise 



Indanthrenc PrintinR Indanthrenc TurquoiM» 

Blue F(; Bhie.KJK 


Blue 30 K, which is made from (X) and 3,o-dh*hlor()anlhranilic acid,^'*^ 
has better fastness to soda boil than OK (4 agaiii'^t 2 3). Indanthrenc 
Blue 80K has been stated to have siructure (XlIT;.’'- Indaiithrene 
Tuniuoi.sc Blue 30K is a greener blue than (XIII (ST Erg II, p. 204); 
(XIII) (*an be synthesized by condensing 2, l-dicliloro-l-aminoanthra- 
quinone with 5-ehloroanthranilic acid and eyebzing ^^ith concentrated 
sulfuric acid.'®‘ Although chlorine atoms in the #i-positions in anlhra- 
quinone are generally much less readily removable by reduction than in 
«-p()sitions, chlorine or bromine in the 7-posiiion in acridones of the type 

Sec Chapter XXIX. 

Xeresheimer, USP 1,207,981; -Vllied ('liemieul and l)\i'stulT, TSP 2.321,767, sug- 
gest the use of furfiiraldehyde. 

IG, BP 405,375. 

also IG, FP 837,183; PSP 2,204,232 

Joshi, Tilak, and Wnkataraman, Pror. Juduin Acad Set 32A, 201 (1950). 2,4- 

Dichloro-l-ainiiioanthraquinone, useful as nu intennedinto for anthra(|Uinonoid 
acid and vat dyes, can he prepared by chlorinaliou of a-:iininoant!iraqiiinone in 
glacial noetic acid; Bodekar and Venk.staraman, BP 634,645-1) 

IG, DllP 531,013; wo Fricdhndcr 20, 1272 (1933). 
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of (XIII) is removed during vatting, so that such dyes Imve no practical 
value. In fact, dyes of this series not containing halogen in the 
T-position can be conveniently prepared by the condensation of 2-chloro- 
4-bromo-l-aminoanthra(iuinone with an anthranilic acid, cyclization, 
treatment with alkaline hydrosulfite and oxidatio!!.*®® 

Improved fastness to boiling alkali is obtained when a lialog(Mi atom 
is introduced into position 0, apparently because of its ability to inhibit 
the enolization of the adjacent carbonyl group.'*' 

The p-chlorobenzoyl derivative of Indanthreiic Tunjiioise Blue (5K 
is also a blue dye.'*^“ 6-Amino or (>-benzamido derivatives of (I), con- 
taming an SOaAlk or SO^Ar group in the benzene ring ol the acyl oi 
acridone group, are level-dyeing blue or violet dyes with excellent light 
fastness.'®* The 6-cinnamoylamido derivative of (I) has excellent fast- 
ness.'*®® Dyes containing an acylamido group in position 6 tind chloriiu' 
in 9, 11, 12 are blue, and have good levelling properties on cotton and 
viscose If there are benzamido groups in th(‘ 1,4-positions and halogen 
in 12, blue dyes fast to chlorine are obtained.'*® Dyes of the type (Xl\') 
can be prepared by condensing a o-amino- or o-halogeno-l ,4-bisaroyl- 
amidoanthraciuinone with an o-halogeno- or aminobcnzoic acid or ester, 
and cyclizing the product (XV). To avoid hydrolysis of the aroyl groups 



the cyclization has to be carried out under very mild conditioiis and is 
effected preferably by vatting the intermediate est(T with alkaline 
hj'drosulfite.'®’ 

The only homogeneous green dyes in the commercial range of anthra- 
(piinone vat dyes available until recently were bluish in tone, and a purer 
or more yellowish green could only be produced by admixture with a 

'«Ix)(lgc and 1(4, HP 587,000. 

IG, BP 491,525. See also Annual Repts. Sov. Chem, Ind. London 24 , 126 (1939). 
164a Gononil Anilin'‘ and Film, BP 633,132. 

Heslop, Irvins, Livingston and ICI, BP 586,999; 587,010; USP 2,470,032; 2,481,744. 
i6»a USP 2,466,960. See also Sandoz, SP 258,766-7. 

‘••IG, DRP Anm. J. 44,742; T(4, BP 399,182; see also Ciba, BP 592,268; 593,801; 
604,981. 

‘•TIG, BP 421,591 



0 


( HART 6 

I’RJs-PARAIIOV of I\DA\rfIHLNh (illLK\ ICr 






928 ANTHRAQUINONE VAT DYKS — ANTHRAQUINONK DERIVATIVES 


yellow dye. A dye of great interest for this reason and for its constitu- 
tion as a quinazoline derivative^** is Indanthrene Green 4G (Chart (>).* 
It dyes green from a brown hydrosulfite vat; the fastness grades are: 
light 7, chlorine 4-5, and soda boil 4. By condensing the blue 6-amino 



derivative of (I) with 2-p-bromobenzamidoauthriifiuinone, the product 
(XVI) is a bright, clear green dye.^*® C‘ondeusatioii of the fi-amiuo 
derivative of (I) with 2-(4-bromo-l-naphthyl)anthra(|uim)ne-2,lV-o\azole 
gives a yellowish olive-green dye.^®®** Yellowish green dyes an* oblaiued 



Cf. lO, BP 470,599; 494,168; USP 2,187,812. 

'•» Fairweather and ICI, BP 584,819. 

Irving and ICI. BP 611,786. See also IG, FP, 835,268. 
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by condensing l-chloroanthrafiuinone-2-carbo\ylic acid with 8-amino-3- 
alkoxypyrcno, and ryclizaiion of the intermediate product. 

IndanthreiH' Red Brown R is a complex dye prepared by an applica- 
tion of a general method for the synthesis of the iinthraqiiinone-acridones, 
but the reaction procivds in the expect(*d manner only to the extent of 
about When l-nitroanthraquinone-2-carboxylic acid is heated 

with benzidine, magnesium oxide, and water, and the product is heated 
with sulfuri<* acid for cyclization, it is found that a car])ox3dic acid is still 
present. On decarlioxj'lation by heating wdth 29r caustic soda solution 
under pressure at about KiO® lor a few houis, a d\’e is ultimately obtained, 
which dy(‘s a fast red-brown shade (light 0; soda boil 3-1) from a red- 
})row'n vat, and is considered to be a mixture of the expected diphthaloyl- 
diacrhlonyl (XVII j (23^; j, the acridonylceramidoiie (XVIII) (70%) and 
the diceramidouA'l (XIX) (7%). ' 

Indanthrene Brown 3GT is an anthraquin**ne-acridone-carbazole,'^^ 
prei)ared by condensing Indanthrene Red Violet RRK or trichlorinated 
(I) with one mole of l-amino-.'>-!)enzanndoanthraquinone. and cj'clizing 
to a ^'a.ba/ole.^ q'ho dye has the maximum all-round fastness among 
the acridones (light 7-8; chlorine o; soda boil 4 -o). Indanthrene Brown 
X(1R and 1\'(JR are two closel>’ related d\es,^ ^ which contain an acri- 
done and tw’o carbazol(‘ ring systems In the appended formula for 
Brown X(1R (R“H), Brown IVOR is the derivative in w^hieh R is 



BhCOXII. The dyes are prepared by condensing the C-bromo-10,12- 
dichloro derivative of (I) with one xiiole of a-aminoanthraquinone and 
one of l-aniino-5-bonzamidoanthraquinonp, or two moles of the latter, 
nnd carbazolizing. 

Ciba, SP 216,314-7. 

”*Cf. IG, DRP 405,8:15; 500,12:^-1; 5i:i,045; 5i:i,475. 
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A rooent and important 10 development is the khaki dye, Indanthrene 
Khaki OR, which is claimed to be superior to Indanthrene Khaki GO 
in solubility, levelling power and fastness to mercerization, washing, 
alkali boil, and perspiration.*- *** Like Brown XOR and IVOR, it is a 
mixed carbazole-acridono, and is prepared by chlorination of the dichloro- 
acridone obtained by the condensation of l-nitroantihracpiinone-2- 
carboxylic a<‘id and 2,r>-dichloroaniline by means of sulfur chloride* and 



sulfur}’! chloride in presence of iodine, when the tetrachloro i*oinpoiiii(l 
(XX) is formed; condensation of (XX) with 2 mol(»s of a-aminoanthra- 
(piinone and carbazolization give Khaki OR. 

The patent literature contains many examples of mi.xed carbazoh*- 
acridones,*^*® Thus an acridone containing an anthrimide group (e.g . 
the condensation product of the 6-amino derivative of (Ij and l-chloro-4- 
benzamidoanthraquinone) may be cyclized to a carbazole.**'^ Brown 
and gray dyes of very good fastness to light and bleach are obtained !>>' 
condensing (I) containing a p-bromobenzamido group in the 6-posilion 
with an anthraquinone-carbazole containing an amino group, an<l 
by similar methods leading to anthracpiinonc dyes of the struct lire 
XNIIYNHZ in which X is (1) attached to the adjacent Nil group in the 
1,2, 3, 4, 6 or 7-positions, Y is COAr or Ar(X) (Ar being an arylene radical) 
and Z is an anthraquinone-carbazole derived from l-arylaminoaiithra- 
quinone attached to the adjacent NH in the 4,5 or 8-position. Oar- 
bazoles from trianthrimides having an acridone group present in oiu‘ 

nucleus, e.g., 1 tiV),2-benzacridonyl-5,5',l',l"-,-5,8',l',l"-, 

-8,8', l',l "-trianthrimides, are brown dyes with high fastness properties 
The trianthrimides are prepared by condensing one mole each of 1-amino- 

See also Max and Randall, BP 627,519; USP 2,407,561. 

>«du Pont, USP 2,036,663; Dcttwyler and du Pont, USP 2,373,817. 

T^ge and lOI, BP 566,872. See also ICT, USP 2,414,155. 


ANTHUAQUINONEAZINKS (lND\NTIIROXKS) 


931 


anthraquinone and the 4-amino dorivativo of (I) with 1,5-dichloroanthra- 
quinone, and by similar methods.*’* 

ThTOX A NTHON ES 

The thioxanthonos are a very small class, similar to the aeridones in 
constitution and methods of preparation, but they are lighter in color 
and have feebler tinctorial power. Two examples among commercial 
dyes, both of which are now obsolete, are Indarithrene (iolden Orange 
GN (CI 1164) and Indanthrene Yellow GX extra (Cl IlGo;. They are 
prepared by the condensation of l-chloroanthniquinon(‘-2-carboxylic acid 
with 3,4- and 2,5-dichlorothiophenol respectively, atid cyclization by 
means of sulfuric acid.*’* Orange to red vat dyes of good fastness to 


Ci 



Indanthrene Golden Oranne (iX Indanthrrne \cllovs (J.\ extra 

chlorine and light, >\hicli have printing propertH‘s. are obtained by con- 
densing the 6-amino <lerivative of Indanihrene Golden Orange GX with 
1-chloro-l- or -S-henzamidoanthraquinone and cyclizing to the carbazole 
by alumimirn chloride in pyndine or mtrolieiizem* Orange to brown 
vat dyes containing the anthraquinone. tlnoxanthone and carbazole 
ring systems have been recently described 

A.VTHUXQI l\ONh\/I\Es (Im> \ \ I'll ROXEfi) 

Indanthrone tH<^hn, 1901 : CI llOti), the first anthraquinone vat dye, 
continues to lx* manufactured on a large scale Some of the current 
commercial names are Hlue It. US, USX or UXS v.ith the prefix of the 
name (Indanthrene, (’aledon, etc ) of the various manufacturers for this 
class of dye. Indanthrone .shad("> on cotton have oxeellent fastness to 
light and to boiling alkali, but the fa.stness to elilorino poor, the beauti- 
ful reddish blue changing to an unattractive greenish blue. In spite of 

Miller and Allied Chemical and Dyestuff. I'SP 2,315,537. 

BASF, DRP 243,750; 258,561. See also ICl. DHP 475,688; 516,308. 

Dottwyler and dii Pont, HP 561,751, See also du Pont, I'SP 2,341,081. 

Max, Kandnll, and (ieneral Aniline and Film, I’SP 2, 128.758 0 2.105.014 
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this defect, indanthrone is extensively used because of the beauty of the 
shades for which no exact equivalent is available. 

Indanthrone is prepared by the alkali fusion of /i-aminoanthraciuinone; 
this is a complex reaction in which indanthrone is accompanied hy a 
number of by-products, but the constitution of indanthrone has been 
conclusively established by analytical evidence and by several unambij^n- 
ous syntheses.*’* From the elementary analysis and the molecular 
weight by the boiling point method in quinoline, the molecular formula 
was found to be C 28 H 14 O 4 N 2 , indicating that the dye was i)roduced from 
two moles of /3-aminoanthra<iuinone by the loss of four atoms of hydrogen 
( 2 Ci 4 H 902 N — ^ C28ni404N2 + HI). Tlio absciice of a primary amino 
group and of an azo group, as jinlged by the usual reactions, and in par- 
ticular the remarkable stability of the compound, indicated that lh<» 
nitrogen atoms were present in a ring system, probably as a 1,1-diazine 
The real proof came from synthesis. Thus, Bohn (1003) obtained 
indanthrone by heating l-amino-2-bromoan1hra(iuinone in nitrobenzene 
solution under the conditions of the rilmann reaction. Scholl*’* sug- 
gested that the formation of dihydroindanthrone by fusion of /i^-amino- 
anthraquinoue with caustic potash is probably preceded by the formation 
of the dihydro derivative of 2-amino-l,2'-dianthraquinonylamine. In 
support of ScholPs theory of the formation of indanthrone and ttavan- 
throne, Lulek found that 2,2'-hydrazoanthra(iuinone underwtmt a 
rearrangement analogous to the semidine transformation, yielding 
2-amino-l,2'-dianthraquinonylamine and 2.2'-diamino-l,l'-dianthraquin- 
onyl; the former led to indanthrone and the latter to flavanthrone (.see 
Chapter XXXII).*’* 

The mechanism of indanthrone format ion from ji^-aminoanthraquinonc 
involves the dissociation of hydrogen from the amino group; two of the 
anions then condense to indanthrone. Resonance* stabilization of the 
negative ion flA) as a result of the contribution of the structure (IB) 
explains the repulsion of a proton from /^-aminoanthratiuinone as w(dl as 
the intermolecular conden.sation of (TB) \o indantlirone.*’*" 

Scholl et a/., Monatsh. 32 , 1035 (1911); Ber. 36 , 3110, 3127, 3710 (1903), 40 , 320, 
326, 390, 395, 921, 933 (1907) ; Bolin, ibtd. 36 , 125S (1903) ; 43 , 999 (1910) ; Kaull«'r, 
ibid. 36 , 930, 1721 (1903); are also Lulek, J. Soc. Dtfvrs Colourist,^ 43 , 370 (1927) 
i7sa Bradley (private communication) has recently carried out extensive oxperimoiitiil 
work on the mechanism of the formation of indanthrone and flavanthrone Ih' 
also postulates the ion (I A) as the first stage; addition of / 9 -aminoanthraqiiinonc 
in the l-position leads to 2-amino-l,2'-anthrimide and ultimately to indanthrone 
He suggests the isomerization of (I A) to jS-aminoanthraciuinone with the anionn* 
charge in the l-position, followed by the addition of /9-aminoanthraquinonc t(» 
form 2,2^-diamino-l,T-dianthraqiiinonyl, as the intermediate stages in the forinn- 
tion of flavanthrone. See also Bradley et al.j JCS 2129 ei neqva ( 1961 ). 
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0 (lA) 0 (IBj 0- 



Indditlitone 


The intimate relation of imlanthrone to 1 /i'-dianthriinide is shown 
by th<' faet that the latter eau he converted by nitration, reduction and 
loss oi ammonia to indanthrono. Inision of /3-aminoanthraqinnone with 
alkali and an oxidizinj? agent under certain conditions yields 2-amino-l- 
hydroxyanthiaqinnone and 2-amnio-l,2'-dianthrimide; the latter yields 
jndantlirone on further treatment 


0 



"•Tanaka, J. Chem. Soc, Japan 66, 102 (1935) Sec also Wittonbcrger, Osterr, 
Chem. Zig. 60, 58 (1049). 



934 ANTHRAQXIINONK VAT DYK8~ANTHRAQUINONK DERIVATIVES 


Indan throne is sparingly soluble in most solvents, but can be crys- 
tallized from quinoline or o-dichlorobenzene in characteristic curved 
needles which have a bright copper reflex. It is a compound of great 
stability, which is not dccompo.sed by heating to 500°, or to 400° with 
concentrated hydrochloric acid, or by fusion with caustic potash at 300°. 
The intense blue color of indan throne and its stability can be ascribed to 
resonance among the indicated structures and numerous others. 

The dioxin analog (II) of indanthrone, which may be prepared by 
heating alizarin with 1,2-dichloroanthraquinone at 300° in presence of a 
mild alkali, is a yellow dye. 

O 


II 

(III) O 

Reduction of mdantlirone uith phosphorus and hydrogen lodidi', rn 
by zinc dust distillation, yields anthrazine. Intermediate products ot 
reduction have also been isolated by Scholl. Hy oxidation xMth chromu* 
anhydride in boiling glacial acetic acid, one anthraqmnone r(‘sidue breaks 
down, and a 50^ ^ yield is obtained of 2,3-dihydroxy-7,S-phthalovl- 
quinoxaline (see later), the constitution of which follows trorn its svn- 
thesis by the condensation of 1,2-diaminoanthraquinone with oxalic acid 
at about 170^. Milder oxidation of indanthrone, for instance with 
hypochlorite solution, gives the yellowish green azine (111), which 
accounts for the low fastness of indanthrone shades to bleaching; but 
treatment of the dyed fiber with hydrosulfite regenerates the blue shacli* 
of the parent dye. 

While indanthrone contains two anthraquinone residues, it only 
requires two hydrogen atoms (or tw^o exiuivaleuts of a reducing agent 
such as hydrosulfitc and alkali) to convert it into a leuco compound, 
unlike other polyanthraquinonoid vat dyes which usually take up in the 
process of vatting as many hydrogen atoms as there are carbonyl groups 
Indanthrone is dyed by the hot or IN process, and under the correct 
conditions of vatting with hydrosulfitc and caustic Soda the disodiuni 
salt of the dihydro derivative, to which Scholl assigned the structun* 
10, BP 386,77s. 

Soholl and Kdlbachor, Htr 44, 1727 (101 1 ). 
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(IV), is formed; the vat is blue in color and possesses good affinity for 
cotton. In preparing the indanthrone vat and applying it to the fiber, 
careful control of the concentration of dye, hydrosulfite and c'austic soda, 
and of the temperature, is necessary. The disodium salt of the dihydro 
(or normal leuco) derivative of Jiulanthronc is sparingly soluble and it 
may separate if the concentration of dyt* is too high. With a deficiency 
of caustic soda leueoindanthrone tends to tautomerizf* to a still less 
soluble form, probal)ly the oxanthrone and it is therefore necessary 




to maintain an adequate concentration ot caustic soda. Dyeing is 
carried out at about 00^; at higher temperatures duller shades and lower 
color values are obtained as a result of over-reduction. If there is 
exce.ss of alkali present at the (uid of the dyeing process, when air oxida- 
tion of the leuco compouiul has been completed, duller and greener 
shades are produced by partial oxidation of the dye to the azine (Til) ; the 
alkali must therefore be washed otT immediately after dyeing and before 
air oxidation. An addition of hydrosulfite or glucose to the soaping 
liath is often made for brightening and redilening the shade. 

The reduction of indanthrone beyond the stage of the normal leuco 
derivative re.siilts in the blue vat changing ultimately to a yellcm -brown. 
Scholl showed that, depending on the nature and quantity ot the reducing 
agent, temp(‘rature and time, a variety of })roducts can be lonneil, some 
of ^^hich he considered to be (NT). (\TI) and (\TII). Midler, however, 
has found that at 90'^ four moles of hydrosuUit(' (oi S atoms of hydrogen) 
are required to i)roducp th(‘ end product, wliich he therefore formulated 
as (IX); this compound is insoluble and is luit capai>l(‘ of reoxidation to 
indanthrone. The yellowish brown solution of the tetrasodium salt 
of the tetrahydro derivative (VI) regcMierate^ indanthncie only partially 
by o.xidation with atmospheric oxygen, and it has poor snbstantivity for 
(‘ellulose. 

Sec A Rrassard, J. Snc. Difers Cotnun^tii 69, 127 (I'll.l) 

^feUian(l TextiVbpr. 28, 93 (1017) 
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The constitution of the blue diliydro dcri\ntive of indantlirono is of 
great interest. Although there is evidcMice of the formation of product 
of half reduction of other vat dyes containing more than one anthra- 
quinone nu(*leus, and of the formation of seini(iuinones from anthra- 
quinono itself and its derivatives,^’*^ indanlhrone is distinguished from 
other diquinones by the much greater energy of reduction ol the dihydro 
to the tetrahydro compound. The stability of th** ddiydro deiivativc 
of indanthrone results from the nvsonanee of tlie icTn among such struc- 
tures as (X) and (XI), in addition to those which can be postulated for 
other dyes containing two anthraquinone ring systems.*''* The hso 


o- o- 



II I 

(X; 0 (XI) O- 


imino groups of dihydropyrazine ring are thus involved in the chara(*- 
teristic properties of indanthrone and its normal leuco derivative. 

Technical method of preparation. While the blue alkali salt oi 
leucoindanthrone is readily formed by fusing /3-aminoanthraquinone witl» 

Sec Chapter XXX. 
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caustic potash at about 220”, very careful control of conditions is neces- 
saiy for obtaining the maximimi yield of indanthrone (indanthrene A;, 
since the desired reaction is aceompani(*d by si(U 3 reactions leading to 
by-produc<s. Alizarin is formed at too low a tc^mperature of fusion, 
brow'll alkali-soluble prcKlucts at a higluT temperature, and yellow' 
flavanthrone***® at a still higher temperature. In addition, a second blue 
substance, indanthrene li, W'hich has no dyeing properties, is ahvaj's 
formed. Maki, who has mad(» an (‘xtensive study of indanthrene fusion, 
coHwsiders indantlireiK* B to he a mixture of a blu(*-gray and a gray-green 
compound, the hitter b<‘ing (*alled indanthrene Indanthrene B 

is more soluble in organic solvents (e.g. nitrohenzenc) than A or C. 
Tanaka^’^ de.seribes indanthrene H as a green compound possessing the 
structure of a dihy(lr()-2'-amino-2-,r-dian1hraqiiinonylamine.^^®® Indan- 
threnc B is readily .M'])arable from indanthrone since the disodium salt 
of th(* normal leiieo (lerivati\e of the latter is n.ach less soluble: further, 
the formation of indanthreiu* li is alrno.st com])letely avoided by the 
a<l<litiou of an o\i<lizing agent, rniform conditions of temperature and 
conc'Mit .vlioii of reactants throughout the reai'tion muss are obviously 
favorable for obtaining reproducible results, and the addition of such 
substances as pluaiol, sodium acetate, glueo.'^e. and soybean protein^®®* as 
(iiluents has been suggest('d. Many of the jiaterits on the production of 
indanthrone are tlien^fore eoneerned w ith the addition of specific oxidizing 
agents and diluents and with the maintenance of conditions w’hich reduce 
the formation of by-products to a minimum: but under the most favor- 
able conditions the maximum yield is only about 50 of the theoretical 
amount. Relatively j)ure indanthrone is usually isolated by tak- 
ing advantage of the sparing solubility of the alKali salt of the leuco 
cornpouiHl. 

In the 1(1 process- for Indanthrene Ihiie RS, a molten mixture of 
caustic potash (1)70 kg.), caustic soda (270 kg.) and water (3 4 kg.) is fed 
into a reaction kettle of nickel -iron (0.5^c nickel). Anhydrous sodium 
acetate (220 kg.) is added, the kettle is evacuated and the air replaced by 
nitrogen (about 0.1 atm. pre.ssure); the temperature is raised to 180”, and 
/^-aminoanthraquinoiie (500 kg.; 80 purity) is foil in by means of a 
screw* c*onveyor in the course of 20 minutes. mixliire of sodium 

diaptcr XXX 1 1. 

'““Maki, J. Sor. Chem, Ind Japati 36, Su cl. Hinding Xo 2, It : and earlier 

papers; see also ref. 178. 

Bradley, Leete and Stephens, JCS 2JW> (1961), oon^i(^e^ that indanthrene B is a 
mono- or dihydroxy derivative of the linear i.'^orneride of indanthrone. 

Shimada, J. Soc. Chem. Iml Japan 46, 0, SU, 817 (li)42). 

8ehwcnk, Chem. Ztg. 62 , 45 (1V)28). 
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nitrate (60 kg.), caustic potash (40 kg.) and caustic soda (20 kg.) is thci) 
added during 2-3 hours. At this stage the temperature of the melt is 
kept at 200-225°. The reaction mass is drawn into a vat containing 
water (11000 1.), and the reaction kettle rinsed out with more water 
(2000 1.). The mixture is cooled to 45-48°, and treated with 15^'; 
hj'drosulfite solution (750 kg.). After two hours agitation, the pota.s- 
sium-sodium salt of leucoindanthrone, which crystallizes out, is filtered 
off in an enclosed continuous rotary filter in an atmosphere of nitrogen, 
and washed with a weak solution of hydrosulfite at 25-30° until the 
filtrate runs pale green. The filter cake is transferred into a rubber-lined 
vessel, stirred with water (1000 1.) and 50% caustic soda (20 kg.) and 
oxidized al 60° by air. The dyestuff is filtered, stirred at 60° with water 
(2000 1.) and 96% sulfuric acid (80 kg.), filtered in a filter press, washed 
neutral and dried. The yield is 56.5% of theory. The product may be 
direct Ij" marketed as Indanthrene Blue US, or as Indanthrene Blue USX 
after pasting uith Tamol solution, drying on a double drum dryer, mixing 
with sodium carbonate and disodium phosphate, and powdering finely in 
a Raymond mill. A highly purified form of indanthrono, prepared by 
twice dissolving Blue HS in a mixture of sulfuric acid and 20% oleum 
and drowning in water, is marketed as Indanthrene Brilliant Blue R 
(Caledon Brilliant Blue RN). Indanthrone in special physical form, 
suitable for the colorii^g of lacquer, paper and rubber, is prepared by 
partial reduction with glucose and reoxidation, and is marketed as 
Indanthrene Blue CIGSP (for paper) and GGSIX' (for lacquer).* 

l-Chloro-2-aminoaiithraquinones may be converted into indan- 
thronea by condensation in presence of a catalyst (cuprous iodide) and 
an acid-binding agent.'®* The method used for preparing Soledon Bhu' 
2RC is applicable to the synthesis of pure indanthrone; thus the disul- 
furic ester of 2-amiiioanthrahydro<iuinone gives by alkali oxidation the 
tetrasulfuric e.ster of tetrahydroindanthrone, and subsequent oxidation 
under acid conditions gives indanthrone.'*® The sulfuric (‘siers corre- 
sponding to both dihydro- and tetrahydroindanthrone have bet»n pn'- 
pared and characterized; the latter has been pri*parc‘(l bj' two methods, 
(1) treatment of indanthrone in sulfur trioxide and pyridine with iron 
filings,^*® and (2) alkaline oxidation of the disulfuric ester of 2-amino- 
ant h r ahy dr oqi i i n erne . ^ ® ® 

Derivatives of indanthrone. Indanthrene Blue 3GF is prepared l>> 
condensing Bhu RS with formaldehyde. C^aledon Blue 3(1 and Brilliant 
Blue 3G are indanthrones containing hydroxyl aod sulfonic groups. 

Johnfloii and du Pont, -BP 470,007. 

»•» Sec Chapter XXXIV. 

‘»®Lyaahenko and Kirzner, J. Gen. Ghent. r.S.IS.R 16, .'iSS (1946). 



ANTHRAQUINONKAZINER (iNDANTHRONha^ 


939 


ptcpared by treating Brilliant Blue Jl with 100% sulfuric acid and boric 
acid at 90-95® for 8-10 hours.** Iiidanthrcnc Blue 3(1 (Cl 1109; ST 
1232) is similarly prepared, but the sidfonic group i.s split off by means of 
1)2 94 % .sulfuric acid at 120”; it has also stated that Blue 30 is 
prepared from crude Blue BS in the .same manner a.s Brilliant Blue 3G 
from lirilliant Blue U. 4,4'-])ihydroxyindanthrone of definite constitu- 
tion, ludanthreiie Blue fit; (CU 1111), is prepared by th(‘ .self-conden- 
salioii of 2-bromo-l -amino- t-hydro\yanthra(piinone (Thoma.sche\vski, 
1903); it is of little practical value as the greenish blue shade has very 
pi)or fastness to chloriia* (1). This is also true of the bluish j^recn dye 
^ 1 iidanthrcMie tJrefui 2B: C^ahslon (Irecui 2B*, ('1 I1ir») olitained by the 




selt-condensation of 2,3-dichloro-1.4-dianiinoanthraciuinone; this inter- 
mediate is prepared by the action of sulfuryl chloride on leuco-1,4- 
diaminoanthraquinone in nitrobenzene .solution at 35- to”. Green 2B 
lui.s the further disadvantage of giving unlevel shades. Caledon Green 
HC, similarly jnepared from 2-bromo-l-amin()- t-‘v>ihnoanthra(iuinone,^* 
has much better hovelling properties and .slights improved chlorine 
fastness (2) 

Halogenated indanthrones. Soon after tin* dl.u*overy of indaiithrone, 
Bohn (1902 1903) prepared it.s halogenated derivatives, the dibromo 
compound being marketed as Indanthrene Blue (iC (BASF) or HC (IG) 
(Caledon Blue GC) and the chloro compound as Indanthrene Blue 
Ci(’l) (rf. Cl 1 1 12 o). The e.ssential object of halogcnatioii is to improve 
the fastne.ss to chlorine without a material alteration in the indanthrone 
shade, and numerous patent.s have been taktui on methods by which 
chlorinated indanthrones may be prepared. The chlorinated indan- 
throne.s are so important at the present time that in the I^.S.aV. their sale 

many times that of the parent dye A series of chlorinated indan- 
thrones are now eommereially available, e.g. Indanthrene Blue GCD, 
lU^L; Caledon Blue GCI), H(\ BCD, G(T: and Alizanthrene 
Blue 1{(\ There are two distinct routes to the chloroindaiithroncs. 
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The first is the chlorination of indanthrone, for which a wide variety oi 
chlorinating agents and conditions (e.g., gaseous chlorine, sulfur>| 
chloride, antimony pentachloridc, using nitrobenzene, sulfuric acid, 
oleum or chlorosulfonic acid as solvent) can be used; and the second i.s 
synthesis from chlorinated intermediates, specifically from 3-chloro-l- 
bromo-2-aminoanthraquinone (XII). Indanthrene Blue GCD is pre- 
pared by passing chlorine into a solution of indanthrom* in 91.5% sulfuiK* 
acid in presence of a little manganese dioxide at 50* 55° until the chloririe 
content of the product is 5 to 8%. Indanthrene Blue B(y and BCS are 
prepared similarly, the chlorination being conlinued until the chlorine 
content is 13.8 to 14% (calc, for dichloroindanthrone: Cl, 13.9%); the 
difference between the two brands is in the method of purification In 
fractionation from sulfuric acid. 

Direct halogenation of indanthrone attacks both the 3.3'- ainl 
4,4'-positions, but chiefly the latter.^*' method of direct chlorina- 

tion claimed to yield the 3,3'-derivative (XllI), and possessing the 
advantage that no higher chlorinated products are formed, is to heat 
indanthrone with sulfur dichloride. The dichloro compound thus ])r(‘- 
pared is also stated to have maximum bleach fastness. It has also be(*n 
stated that (XIII) of high purity can be prepared by chlorinating indan- 
throne or 3,3'-dibromoindanthroue at 210 220° in irichlorobenzene in 
presence of sulfur and that a chlorinated product with the fastness 
properties of (XIII) is obtained by chlorination in nitrobenzene with iron 
and iodine as catalyst s.^®- 

Pure 3,3'-dichloroindanthrone (Xlll) is obtained by the bromination 
of 3-chloro-2-aminoanthra(iuinone (XH') to the l-bromo coiniiound 



du Pont, USP 2,413,48.3; 2,413,514. 
*»* Knowles and Lycan, U8P 2,205,418 
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(XII)» which is then sclf-condonhcd; and (XIV) may l)e prepared in one 
of two ways. The chlorol)enzoyll)enzoic acid obtained by the condensa- 
tion of phthalic anhydride and chlorobenzene is nitrated, reduced and 
cyclized; the product is a mixture of (XI Vj and 2-chIoro-l-aminoanthra- 
quinone, from whicli (XI\'j can be Ncparated by fractional precipitation 
from sulfuric acid solution. C alodon Jilue is :i,3'-dichloroindanthrone 
prepared by this route. 'fhe s<‘cond method is partial amina- 
tion of 2,3-dichloroanthraquinone, usevi by Hi for the preparation 
of Indigosol J^lue 3,3'-L)ichloToindanlhrone may be prepared 

irom 1 ,3-dichloro-2-aminoanthra<piin(mc by heating it in an inert 
solvent in j)resenee of an aeid-liindiiig agent and a special cuprous 
halide.*'-**^ Another route to (XIII) is the oxidation in sulistance of the 
tetrasulfuric «\stCT of the tetrahydro d(‘rivati\e, Soledon Bine 2BC\^®® 
Hal<)g(Muited indanthrones arc* formc*d, insic'ad of flavanthrone, if 
/j-aininoanthraquinono is heatc^d with antiinon^ pentachloridc in nitro- 
lienzene in presence of selenium and a copper sail (>,(>'. 7. 7'-Telra- 

chluro- and 3,3',(),()',7,7'-h('xachloroin(lantlironf‘shave bec*nsynihehizecl.*®® 
is some confusion in the literature r(‘garding the constitution of 
(he commercial dyes and the position of the chlorine atoms ^^hen the 
chlorination is elTocted by \arious methods*'® Preparation from a 
halogcmated intermediate, in which the orientation of the halogen atoms 
IS definite, will give a ehloroindanthrone of authentic coiisiitution; but 
tlie po.sition of the chlorine atoms in a prodncl obtaim*d by the direct 
clilorination of indanthrone needs to be proved This is difficult because 
of the similarity of (XllI; and (XV) and the fact that an unambiguous 
synth(*sis of (XV) has not yet l>een achieved; but an indication of the 
probable orientation can be obtained from the pi»»pertics Halogenatcd 
indanthrones require much more careful eontroi of dyeing conditions 
than the parent dye itself for obtaining level shades, partly because there 
is a possibility that, by the action of hydrosiilfhe and alkali the halogen 
atoms may be removed by reduction or ie])lac(*menl liy hydroxyl and 
mereapto groups. Thus a temperature not exceeding .>0'' is recom- 
mended for dyeing Indanthrene Blue 1K\ In the produces of the direct 
chlorination of indanthrone, whether the chlorination is elTected by 
moans of gaseous chlorine or sulfurvl chloride or antimony pentachloride, 
the chlorine is more labile than in synthetic 3,»]'-dichloroindanthrone, 
indicating that direct chlorination leads mainly to substitution in 
^-positions (4.4' or 5,5' or S,S'). Th< bS'-dichloro compound approaches 

Dottwylor ami du Pout, I'SP 2,120, 15:> 0. 

***Burgome, Soutar. and ICI, BP 111,130. 

Thomas, Thomson, Smith, and K'l, BP a.vK.OTS. 

Sep also Maki and Mine, J. ^oc. Chun. I mi. Japan 47, o22 (1944). 
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the shade of indanthrone closer than the products of direct chlorination, 
which are somewhat greener in tone. Caledon Blue dyes a slightl\ 
greener shade than Caledon IMue \{C, but the two are \'ery similar in 
other properties, and it would appear that (’aledon Blue (iCI) consists 
of synthetic Ii,3'-dichloroindanthrone shaded with a green dye (C'aledon 
Jade Green). Both types of chloroindanthrones have better fastness to 
chlorine than indanthrone (3 4 against 2), but there is little difference 
between the two types themselves in this regard. If, however, mort* 
vigorous oxidation is employed, such as successive tn^atinent of the dyes 
on cotton with acid potassium permanganate solution and acid hydrogen 
peroxide,'**’ significant differences are disclosed Indanthrene Blue GCl ) 
and BC\ a^ well as a dichloroindant krone prepared by means of siilfurvl 
chloride, undergo a profound ehango to a greenish yellow, whih* synthetic 
3,3'-dichloroin(Ianthrone and a dichhnoindanthrone obtained by means 
of antimony pentachlonde are but slightly atfecteil, changing to a moie 
greenish blue. 'Hie greater resistance oi 3,3'-(lichl()roindanthrone to 
oxidation to the yellow azine is obviously due to the neighborhood of tin 
chlorine atoms and the imino groups. It is suggested that uiitimon> 
pentachloride, which is specific in diidilorinating indanthroiK' even when 
an excess of the reagent is used, gi\es 4, 1'-dichloroindanthrone (XV) ; and 
other methods of direct chlorination give 0 , 0 '- or 8,S'-dichloroindan- 
thrones. Substitution in the 4,4'-positions may be (‘\pected to retard 
oxidation to the yellow azine to a greater extent than substitution in the 
5,5'- and 8,8'-positions which are more remote from th(‘ imino groups.*'" 
iV-Alkylindanthrones. The low fastness of indanthrone to chloiinc 
is attributed to the sensitivity of the imino groups, rc*sulting in the con- 
version of the dihydroazine to the azine, and in the expectation ot 
obviating this defect, the .V,.V'-diinethyl and -V-midhyl derivatixc's 
(Algol Blue RK and Indanthrene Blue RK) were marketed (cf. CT 1108) 
They are prepared by the rilmann reaction. 4'hus Indanthrene Bine 
RK is obtained by heating 2-bromo-l-aminoanthra(piinone and 2-bronio- 
1-methylamiuoanthraquinonc with copper bronze, sodium acetate and 
magnesia in naphthalene solution at 200*^. However, tlu* iV-alkyl (*om- 
pounds are not faster to chlorine than indanthrone itself, and it is prof)- 
able that dealkylation takes place readily. 

iV-Alkylindanthrones form brown alkaline hydrosulfite vats, but 
when they arc halogenated, faster products wdiich dye in blue to blue- 
green shades fiom a Idiie vat are obtained.'®® l,3-Pihalogeno-2-mon()- 
methylaminoanthraqiiinones. used for the preparation of halogenated 

»•’ See Ref. 32, Chapter ‘XXX. 

Bedokar, Tilak, and Wnkatararnan, J^mr Indian .trad Sn 28A, 236 (1048) 

IG, BP 440,822. 
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A', A^'-dimothylin<lan thrones, are prepared by the prolonged action of 
formaldehyde and 97-98 sulfurit* acid af moderate temperature on 
b3-dihalogeno-2-amiiioaiithraquinone 

The halogenation of A -alk^dated o-ammo-a,d-dianthrimides in organic 
tsol vents yields blue and bluish-green vat (ly(*s which are probably 
luilogenated jV-alkylindanthrones A -Alkylindanlhrones treated with 
dehydrogenating agents yield fast blue \at dyes of unknown constitu- 
tion.^*^' Fast blue dy(*s which are j)robably A^-alkylindanthrones are 
obtained w’hen o-amino-a,/y-dianthiiinides. ni winch the amino- and/or 
irnino group has an alkyl subsiitueni, aie treated with oxidizing agents 
such as manganese dioxide and sulfuiic acid or benzoyl chloride and 
iodine. The dyes are improve<l by halogenation.-"- 

PH'IH\L0>1>QI inoxm.inls 

Indanthrene Brilliant Scarlet BK is a phrlialoylquinoxaline or a 
pyrazine fused to one anthraquinone nucleus instead of two as in indan- 
thronc.^®® The intermediate (I), mentioned earlier as an oxidation 
product indanthrone,'**' is prepared by heating 1,2-diaminoanthra- 
(juiiione with oxalic a(*id at aliout 150^; when (I) is heated with m-tolui- 
dine and zinc chloride in nitrobenzene for a f<‘w hours, the dyestuff is 



formed,- Both the redactions proceed in nearly quantitative yield. 
Indanthrene Brilliant Seurlet BK has very high fastnes.s to light (7) and 
to chlorine (5), but the fastne.ss to alkali boil is of a soniow’hat lowrer 
degree (3 1). The indicated structure for Indantlirene Brilliant Scarlet 
RK is cited from a FIAT report, but the coiulen.sation of w-toluidine 
with the other hydroxyl group is not excluded. 

Tlie product (II) obtained by heating (1) wdth phosphorus penta- 
chloride and then w’ith S.o-bis-trilluoromethylainline is stated to be a 
new, nontendering, greenish yellow^ vat dye with light fastness 0-7.^* In 
view" of the considerable difference bi^ween the depths of color of (II) 

10, DRP Anin. J. 48,872 

10, FP 782,990. 

10, j)UP Amn. J. 48,878-9 
*”'IO, DRP Anni. J 54,39t. 5r)J07 
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and Iiidanthrene Brilliant Scarlet RK, it is necessary to investigate th(‘ 
constitution of these dyes. 

When the dichloro compound obtained by treating (I) with phos- 
phorus pentachloride is condensed with suitable aromatic and hetero- 
cyclic amines blue, violet, red, red-brown, orange, or gray vat dyes arc^ 



produced ^^ith o-diamino-, o-aminohydroxy- or o-iuninomeicapto- 
anthraquinones, the products arc the \at dyes (III). Their fastness 
is improved by alkylation, 



MlhCELLANKOLfc* ffETEROCYCTJC’ (’OMPOl VDS 

In a new reaction tor the preparation of pyridinoanthraquinoiK'^ 
Schiff's bases (including those from diamines and dialdeliydes) are con- 
densed with pyruvic acid; the product.^ aie decarRTxxylated and o\idiz(‘(l 
if necessary. The vat dye (I; from 2-aminoanthraquinone and tereph- 
thaldialdehyde is a' fast greenish yellow. 2**® 



Violet, olive and gray dyes,^®^ which may be diphthaloyl-benzodiaza- 
benzanthrenes (II) or 8-a-anthra(iuinonylamino-3',4'-phthaloylacridin(*s 
(III), are obtained when a-anthraquinonylamides of 1-arylaminoanthra- 

IG, BP 454,882. 

IG, BP 464,299. 

IG, DRP Anm. J. 48*460. For examples of vat dyes containing pyrazolc, pyrazine 
and pyrimidine ring systems, see IG, DRP 648, OSS; 645,010 ; 645,568 : 660,7r)0 
656,381; 672,493. 

*07 DRP Anm. J. 51.699. 
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iluinoiie-2-carboxylic acids, in which tho ortho positions of the arylamiiio 
group are unsuhstituted, arc treated with sulfuric acid. 

Vat dyes are obtained from 2-aminoanthracene by condensing with 
diazonium salts to obtain triazoles, which arc oxidized to anthraquinones. 
W'hon aromatic diamines are einploy(‘d the products are yellow to brow^n 
vat dyes; and when diazotized /^-nitroaniline is used, and the nitro group 



■“COD 

11 

o 



subseqiiently reduced and acylated with vattable acids or condensed with 
halogenoanthra(|uinones, yellow, orange, brown, or gray vat dyes, such 
as (IV), are obtained.-®'* 

A reaction which appears to be general for anthratpiinone derivatives 
having a homo- or heterocyclic ring in the l,2-j>ositions, or for anthrones 
with a homo- or heterocyclic ring in the 1.9-positions, is to condense them 
w'ith vattable primary amines in presence of alkaline condensing agents. 
Anthraquinone-1 ,2-thiazoles condense with 3-hroino-2-aminoanthra- 
quinone in tw^o stages, yielding a product with probably both a thiazole 
and imidazole ring (V). Yellow', orange, red-brown, blue or gray dyes 
^^ay be thus prepared, using suitable components.^®** The anthrone 
types w^hich undergo this reaction include benzanthrone, anthrapyridones, 
anthanthrone, dibenzopyrenequinone and dibenzoperylenequinone, and 
tho products include violet, eorinth, brown, gray and olive vat dyes.*^® 
10, BP 467,157; 468,086; 503,556. 



chaptbh xxxn 


ANTHRAQUINONE VAT DYES - ANTHRONE DERIVATIVES 


Many of the vat dyes-“^' grouped as unthrone deri\atives eontain the 
pyrene and perylene ring systems The pyrene skeleton oeours in the 
dibenzopyrenequinoiies, the anthanthrones and the pyranthrones; and 
perylene in the violanthrones and iso viola n thrones 



Pyrene has been isolated from the eoal-tar fraction boiling abo\ e 
and from “stupp fat” which is a by-product in the working up of certain 
bituminous mercury ores. Synthetically it can be made from naphtha- 
lene and malonyl chloride,' Uefinemeuts in the fractionation of coal-tar 
constituents have now made pyrene readily accessible as a possible rav 
material for vat dyes, such as pyranthrone, A\hich contain the pyrene 
ring system, but are now prepared by other routes 

Pyrene crystallizes in colorless plates or leaflets, m.p 148 ° (m.p. loh 
corr.). Scholl and Vollmaiin® (Cb) and Kiinz® (Id) have carried out 

i Fleischer and Retzr, Ber 65 , 3280 (1922). Soc also Braiin and Hath, Her. 61 , 950 
(1928); Cook et nl., JCS 306 ( 1934 ); Chatterjee H nl , ./ Indmn Chem. Soc. 24 , 
169 (1947). 

IG methods are d^'-scribed in BIOS (2) 987 ; (3) 1493 ; (4) Miac. Report 20 ; and 
(4a) FIAT 1313 II. 

‘Vollmann, et al., Ann. 631 , 1 (1937). 8ce also IG, 1>RP 589,145; 048,111; DRV 
Anm. J 49,775; BP 444,230; 434,128; 434,160; 441,408; 448,788; BP Appl 
3600/36; FP 796,765; Ciba, BP 431,105; 443,408; 447,Oi)6; SP 177,937. 

*Kunz, BvU. Soc. Ind. Mulhouse No 3 (1934): Angew. Chem. 62 , 269 (1039). 
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extensive synthetical experiments and orientation studies on pyrene, 
some of which arc illustrated in Chart 1. Substitution takes place 
initially at the 1-position, a second substituent attacking the 8- and to a 
smaller extent the 6-position. Oxidation of pyrene gives a mixture of 
the 1,8- and 1,0-quinones in a proportion of about two to one; the former 
is more readily reduced by alkaline hydrosulfito and can thus be sepa- 
rated. 1 -Hydroxy pyrene and the 1,6- and 1,8-dihydroxy pyrenes do not 
couple with diazonium salts, and on the basis of these reactions Fieser^ 
has suggested that the structure (A), containing three benzenoid rings, 
makes the major contribution to the resonance of the pyrene molecule; 
structure (B), containing two benzenoid rings, makes a small contribu- 
tion, but it is relatively stabilized in 1,6-dihydroxypyrene by the influence 
of the hydroxyl groups on the quinonoid system. With alkaline oxidizing 
agents pyrenequinone yields naphthalenetetrai'arboxjdic acid,* an inter- 
mediate from which several important vat dyes are made. The acid ma> 
also be obtained by oxidizing the (piinones resulting from sulfuric acid 
treatment of di-, tri- or tetrachloropyrenes.*^ 11,0,8, 10-Tetrachlon)- 
pyrene-1 ,0-quinone, which has no vat dyeing properties, may lx* con- 
densed W’ith ammonia or amines to yi(‘ld blue to blue-green dyes.'" 
Violet to black vat dyes of unknown constitxition are obtained when 
tetrachloropyrene is heated with sodium-aluminum ehloride at and 
the product treated with sxdfuric or nitric acid " 



A synthesis of 4,5,9, lO-diheiizopyreno from 2-acetamidodiphenyl is 
to nitrate, hydrol3’.se, diazotizc and treat with potassium iodide to give 
2-iodo-3-nitrodiphenyl, converted by copper powder into 2,2'-dinitro- 
6,C'-dipheiiyldiphcnyl, which is reduced, (liazotiz(*d and eyclized l>y 
heat. 

’ Fieaer and Ficser, ('••ganic C’heniistry, 2nd od., Heath and ("o., Boston, 1950. 

» Rutgerswerkc, DUP Anm. R. 87,820; 87,822 
• IG, BP 421,813. 

IG, BP 434,027. 

“ Scholl and Meyer, SP 174,078. 

** Sako, Bull. Chem. Soc. Japan 9 , 55 (1934), 
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Perylene.'® Perylene (yellow leaflets, m.p. 273-4®) has not been 
isolated from nature. It is formed by the action of aluminum chloride 
on naphthalene or l,l'-dinaphthyl;*^ or by the action of copper on 
8, 8'-diiodo-i,l '-dinaphthyl. A technically feasible method of prepara- 
tion is from di-/i-naphthol (I), which is obtained in excellent yield by 
oxidation of /3-naphthol with ferric chloride; (T) may be converted into 



l.l‘2-dihydro\'ypervlene (II) by beatinj 5 uith phosph()rus trichloride at 
500®,'^ or with aluminum chloride and sodium carbonate at 150-170® 
(Zincke ai. 1 Pereira). Zinc dust distillation of (II) then gives pery- 
lene. Perylene can also be prepared from (1 ) in one operal ion by heating 
with a mixture of phosphorus pentachloride and phosphorous acid and 
distilling off tlie hydrocarbon at about 000®. An interesting synthesis of 
perylene is by the action of aluminum chloride on 2,2'-dinaplithyl (made 
by dehydrogenation of naphthalene): a migration to the l,l'-isomer has 
to be assumed as an intermediate .stage.^^ Pcuylene can be obtained 
satisfactorily from the mixed dinaphthyls obtain(*d by pa.ssing naphtha- 
lene vapors at 8(K)® over a tungstic aciil-aluminum oxide catalyst.*® 



Mason, /«//. Chemist 5 , 111 (1921)). 

“Scholl, Seer, ami Weizenbock, Ber. 43 , 2202 (191(0. 

“ Hansgirg, DRP 386,010. 

“See also Corhellini and Ayniar, Giorn. chtm. ind. appheata 10, 196 (1928) 
” IC, BP 425,363. 

“ IG, BP 445,896; sec also BP 356,189; Orchin, USP 2,478,205. 



960 ANTHRAgUINTONE VAT DYES — ^ANTHRONE DERIVATIVES 

Pcrylene-3,4,9,10-tetracarboxylic acid, obtained in excellent yield by the 
alkali fusion of naphthalene-l,8-dicarboxylic acid or its imide, is an 
intermediate from which some important vat dyes are prepared. 

Initial attack of the perylene molecule in substitution reactions is in 
the 3-position, and further substitution occurs in the 10-, and to a smaller 
extent in the 9-position. Oxidation gives the 3,10-(iuinone (III) which 
dyes cotton yellow from a red vat. Perylene does not undergo the Diels- 
Alder reaction with maleic anhydride under ordinary conditions, but in 
boiling nitrobenzene the orange colored l,12-benz()pprylenedicarboxylic 


Per>leno + Maleic 

anhydride 



anhydride (IV) i.s formed; apparently, the addurt (\ ) is unstable and 
nitrobenzene prevents its dissociation by oxidizing it to (IV) 

Isodibenzanthrone can be synthesiz(‘d from perylene as stalling 
material {vide infra), but the use of perylene for the commercuil prepara- 
tion of isodibenzanthrone or other vat dyes has not yoL h(‘en established. 

Chrysene (colorles.s rhombic plates, m.p 1(5 have a series of 

patents'® on derivative's of chrysene, a minor coal-tar hydrocarbon of 
which few derivatives of proved constitution were known until recentlv, 



other than ther),(i-and (iJ2-quinones. Chrysene can be prepared in ()0% 
yield by the pyrolysis of indene, and methods for its synthesis from 
benzene, naphthalene and phenanthrene have been developed. 


«IG, BP 438,609; 416,968; 449,182; 460,498; ('iha BP 427,236; of. Fiiiikc, Muller 
and Vadasz, /. prakL CJhem, 144(ii), 242 (1936); cf. also Funke and Ilistir, ihid 
146(ii), 309 (1936). For oxamplcB of vat dyes from chrysene, sec Piba, SP 
218,368; 222,462-72. 
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Fluoranthene (colorlosa needles or plates, m.p. 109®). Ciba have 
.several patents on the preparation of intermediates and dyes from fluor- 
anthene, another minor constituent of coal tar.^^ 

PVRANTHRONbS 

Pyranthrone (liidanthrene (loldcn Orange (i) (Cl 1090) was dis- 
covered by Scholl (1905) in the course of his work on the constitution of 
flavanthronc; historically pyranthrone should therefore follow' it^* nitrogen 
analog, flavanthrone, although in a systematic classification the earbo- 
cyclie compound takes precedence. When 2,2'-dimcthyl-l ,P-dianthra- 
quinonyl (I), wdiieh inaj' be prepared by the action of copper on 1-ehloro- 
2-inethylanthraqninone, is fused with caustic potash, pyranthrone is 



formed. l-Promo-2-methylanthraquinone, prepared in nearly quanti- 
tative yield by bromination of 2-methylantlnaquinone in oleum-chloro- 
sulfonic arid in presence of sulfuryl chloride, is converted into tl' by 

C'llm, BP 520,65:i; 5:33,962-3 St c iUmj DUP 633,821 . HP 378,476 For examples 
of vat dyes from ruhicene, eoronene, ete , see Ki, DUP 650,551, Ciha, FP 
859,494; General Aniline hikI Film, TSP 2 210,041 ; IC, DRP 650,058 
“* For .syntheses of fluoranthene ami its derivatives, see Herrmann ami Orehiii, JACS 
71 , 1917 (1949); Caniphcll, Wang ami Go^v, JCS 1513, 1555 ( 1949 ); Tucker, 
^btd. 2182; ;32i:3; Jvloetzel and Mertel, JA(\^ 72 , 4786 (19501 
''Seholl, Brr. 43 , 346 (1910); 44 , 1448 (1911). 

Hemet, Gottlieb, and du Pont, PSP 2.:396,989 
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heating with copper in naphthalene at 215°. The intermediate stage in 
the formation of pyranthrone from (I) is the yellow dye (II), which may 
be isolated by heating (1) with caustic potash at 75 80° in an organic* 
diluent.-^ In the IG process^ for Indanthrene Golden Orange G, 1-chloro- 
2-methylanthraqiiinone (116 kg.), o-dichlorobenzene (40), copper bronze 
(225) and pyridine (135) are heated at 150 160° for 3 hours; mon* 
a-dichlorobenzene (1150) and sodium carbonate (200) are added, and 
boiling continued for 3 hours. The product (I) is filtered off (310 kg.; 
88% theory), and freed from copper by heating with dilute hydrochloric 
acid and sodium chlorate. Cyclization to pyranthrone is effected b> 
refluxing (1) (150 kg.), caustic potash (81) and isobutyl alcohol (570) loi 
3 hours. Tlie dye, recovered by adding water and distilling ofT the 
solvent, may be purified by a hypochlorite treatnunit (yield 152 kg 
corresponding to 138 kg. of pure dye). 

Pyranthrone rc(iiiires only two equivalents of sodium hydiosiilliti' to 
form the crimson vat, and leucopyranthrone requires only two etiuivalenls 
of an oxidizing agent for reoxidation. Loucopyranthrom^ is therefore 
the dihydro compound (III), and not the tetrahydro compound (I\') as 
postulated by Scholl. The purple colored vat changes to brown by 




further reduction in methyl alcoholic* potassium liydroxide and (1\') may 
be ultimately formed.^® Indanthnme Golden Orange G dj'^es brilliant 
orange shades wdth good fastness to light (5-t)) and excellent fa&tnes> 
(4-6) to other agencies, but it is a powerful tenderer and exposure to 
direct sunlight has to be avoided both during and after dyeing. 

Besides being an anthrone derivative, pyranthrone contains the 
benzanthrone and the pyrene ring systems. Scholl demonstrated the 
relationship to pyrene, as well as the constitution of pyranthrone, by 
baking 1,6-dibenzuylpyrene (V) with aluminum chloride when pyran- 
throne was formed. The yield is improved by using air or manganese 

« IG, BP 360,102. 

Appleton ainl Goako, Trann Fnradaif Soc. 37, 45 (1941). 
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dioxide to facilitate dehydrogenation. Toluoyl- and chlorobenzoyl- 
pyrenes yield orange dyes.^® Sehoirs synthesis has now become a 
technical possibility, since coal-tar pyrene has become available. Fur- 
ther, the Scholl cyclization with aluminum chloride has proved to be a 
valuable method for determining the constitution of the complex dyes of 
the polycarbocyclic quinone class, and to be a technically feasible method 
of preparation for several dyes.-^ 

Bromination of pyranthrone in chlorosulfonic acid at about 60° in 
presence of a little sulfur gives the dibromo compound, Indanthrene 
Orange RKT (formerlj" RT), or the tribromo compound, Indanthrene 
Orange 4R (ST Erg. II 1240; (Caledon Brilliant Orange 4R), according 
to the proportion of bromine employed. The tribromo compound as 
obtained by the brominatioii process is somewhat y(‘ll(nver than the 
type, and the true shade is produced by a hypochlorite treatment. The 
bromine atoms are in a-positions.^" A bromiivated pyranthrone was 
formerly marketed as Indanthrene Scarlet (1 ((T 109S), and a chlorinated 
l)yranthrone as Indanthrene Oolden Orange R (C'l 1007). Brominated 
pyranthrf containing 35 bromine and gi\ing clearer vats are 

obtained if the bromination is carried out in chlorosulfonic acid in 
presence of a halogenating catalyst and a compound of boron.-® Bromi- 
nation can be continu<*d to form the tetrabromo compound (Br 14.3 9c b 
AN Inch is not marketed, but used by 1(1 as an intermediate for the prepara- 
tion of Indantlirene Direct Black RB (see later). 

DiBENZOPYRENEQI IXONKS 

Dyes of this group are valued in calico printing for their ready vatiing 
and reoxidation. Two types of dibenzopyrenequinones have been used 
as dyes, 2,3,7,8-dibenzopyrenc-l,()-quinone and 2,3,(),7-dibenzopyrene- 
1,8-quinone, but the secoml type has little practical interest now. Indan- 
threne Gulden Yellow GK may be prepared by an application of the 
Scholl cyclization Avith aluminum chloride to 3-benzoylbenzanthr()ne (I) 
or to 1,5-dibenzoylnaphthalene (II).-** The Friedel-CVafts reaction 
betvAwn benzanthrone and benzoyl chloride yields (I), and the position 
taken up by the benzoyl group, from ^^hich the constitution of the dye 
follows, is clear from the general reactivity of benzanthrone in the 3-posi- 
tion in the first instance; thus mononitration gives the 3-nitro compound 
Avhich can be converted into (I) through the amine, nitrile and carboxylic 

IG, BP 382,877. 

Scholl and Socr, Ann, 394 , 143 (11)12); 398 , 82 (1913) 

” Floyshor, Ogilvio and National Aniline, I'SP 2,071.381 
** MLB, DUP 412,053; 123.283; 420,710. 
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Indanthrene (folden 
Yellow GK 



arid, and condonsation of tho arid chloride w ith luMizone.®^ The Friedel- 
Crafts reaetioti between henzanthrone and benzoyl chloride, and dehydro- 
genation to Indanthrene (lolden Yellow (IK, may be carried out in one 
operation by using excess of aluminum chloride. The second stage is 
facilitated by the addition of oxidizing agents (e g. manganese dioxide 
or ;w-nitrobenzenesulfonic acid),®* or by passing oxygen or chloiine into 
the melt (Mayer and Wolfram, 1923). The Kl process^® starts from 
1,5-dibenzoylnaphthalene (II), which is obtained in a yiidil of about 
l\y heating naphthalene (263 kg.), benzoyl chloride (770 kg.) and alumi- 
num chloride (1100 kg.) at 70® for 8 hours.®*® After treatment with 
water, the ketone is filtered off and crystallized from chlorobenzene: the 
product contains about 3% of l,8-<Iibenzoylnaphthalene. The n(‘xt stage 
is to melt aluminum chloride (1600 kg.) and common salt (385 kg.) at 
1 10® and add (II) (375 kg.) in portions while pas^ing in oxygen. Nitrogen 
is introduced above the melt at about four times the rate of oxygen. The 
temperature rises to 160® and the reaction is complete in 2 3 hours 
After removal of aluminum salts with dilute hydrochloric acid, the dye i^j 
purified by vat ting and reoxidation and a hypochlorite treatment. The 
dibromo derivative of Indanthrene Clolden Yellow CIK is the redder KK 
brand (Kranzlein, Redlmayr, and Vollmann, 1924). Brominatiori is 
effected by the addition of bromine to the ketone-aluminum chloride 
melt at 150 155® during 20 hours.® Indanthrene' (lolden Yellow (IK 
and HK give bordeaux colored vats, and the shade's are brighter and 
faster than those from flavanthroiie. Because of the beauty of the 
shades, these are important dyes. The fastness grades of Yellow (IK 
are light 5-6, chlorine 5 and soda-boil 2-3; the light fastness is increased 

According to Mosel ^schiiiskaja, J, Gen. Chern. 9 , 1376 (1936), henzan- 

throne reacts with benzoyl chloride and aluminum chloride to give a mixture ol 
2- and 3-ben zoylbenzan throne; but the proportion of the i.somerides is 
mentioned. 

(^iba, BP 501,897; USP 2,238,180. 

Sec also TG, DRP 570,253. 
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to 6r-7 and the soda-boil fastness to 3 -4 in the dibromo derivative. Both 
the dyes are moderately active as light-tenderers, the halogenated dye 
being less active. Indanthrenc Golden Yellow (IK pasted with the aid 
of glycerine is marketed as Indanthrene Printing Vellou (iGK Suprafix."* 
[ndanihrene Printing Yellow GOW, \\hi<*h has improved fastness to 
washing, is a bromodiehloro compound prepared by the lialogenation of 
Indanthrene (Golden Yellow GK in chloro.siilfonic acid.® A mixture of 
Indanthrene (iSolden Yellow liK (5.95 part.s;. \ iolantlirone (2.47j and 
Indanthrene Bordeaux BR (3.95), converted into a Suprahx type of 
paste, is sold as Indanthrene Brown TM for pruiting 

Kunz® has made a careful study of the bromination of Indanthrene 
(Jolden Yellow (iK, and has shown the influein^e of the cf)iulilion.s of the 
reaction on the orientation of the halogen atoms, which in turn affects 
the shade and the fastness, lialogenation in an organic .solvent requires 
a carrier, such as iodine, and the bromine atoms enter the d,/3'-positions; 
the shades are redder and fastcT than tho.se from the parent compound, 
lialogenation in chloro.sullonic aci<l in pre.scMiee of iodine proceeds .simi- 
larly, but in oleum in the absence of a carrier the 7 . 7 '-dibromo compound 
is formed, which dyes more greenish and less fast shades. Halogenated 
(libenzopyrenequinones ran also be prepared by the cyclizatiou of 
3-benzoylbenzanthrones containing halogen atoms in the benzene or 
benzanthrone residues.**^ 

Dihydroxy and dimethoxy derivati\es of Indanthrene Golden 
Yellow^ GK can be readily prepared from 2,(>-dihydroxynaphthalene as 
indicated.^’ 

2,C-Dihytlro\yiuiplithalenc 




2,3,t>,7-Dibenzopyrene-l,8-(iuinone (III) is prepared l>y the Scholl 
reaction on 4-benzoylbenzanthrone (IV) or on 1,4-dibenzoy Inaphthalene 
(V).^‘ This red dye is not useful; the ditwomo compound, Indanthrene 

” Braun and IG, DRP 742,811. 

10, DHP 453,280; 455,955. 

'' Hi, DRP 542,800; Scholl and Xewniaiin, liir. 56, 118 (1922). 
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Scarlet 4G (Kriiiizleiii, 1927), was marketed, but i1 has also failed to find 
a permanent place in the commereial range. 

The pyrenequinono series of dyes can be extended by the condensation 
of the halogenated compounds with aminoanthraquinones. Condensa- 
tion of monoamino- and diaminodibenzopyreneqiiinones with benzoyl 
chloride or anthraquinone-2-earbo\yl chloride giv'es red to violet dyes.*^ 
Dihydroxy derivatives are halogenated and/or alkylated for scarlet t(» 
violet dyes.^® Phthaloylpyrenes are orange vat dyes, (converted by the 
usual reactions into olive-green, brown and gray dyes.’^ A yellowish- 
orange dibenzopyrenequinone is made* by alkaline condensation of 
benzanthrone and o-chlorobenzoic acid, followed by cyclization with 
acid.®* 

AnTH ANTH HON ES 

Dehydration of 1,1 '-dinaphthyl-8, 8'-dicarboxy lie acid (Ij by means 
of sulfuric acid results in cyclization to the orange anth^nthrone,®® which 
has vat dyeing properties, but is of no practical value* in view of its poor 
tinctorial i)ower, The/lichloro and dibromo compounds, however, an* 
valuable dyes (Indanthrene Brilliant Grange CiK and UK) (ST Erg. 11 
1286b) which are level dyeing; the bright attractive orange shades (from 
a red-violet vat) have light fastness 7 8, chlorine fastness 5, and soda- 
boil fastness 3 4. The light-tendering activity is low. The technical 
synthesis® of anthanthrone (Chart 2) starts from peri-acid and involves a 
number of stages, but they proceed in good yields. Cyclization of (I) to 
anthanthrone and bromination can be effected simultaneously by dissoU^- 
ing (I) in a mixture of monohydrate and oleum, adding bromine and a 
little phosphorus, and heating at 65° for a few hours. The bromine atoms 
probably enter the starred positions. Indanthrene Brilliant Orange (iK 

»» IG, BP 307,926; 338 S82; 358,502; 358,509. 

»• IG, BP 360,215. 

« Sedlmayr, BP 366,472. 

•• Thomson, Carter, Thomas, and ICI, BP 358,426. 

« Kalb, Her, 47, 1724 (1914); DRP 280,787; CassHIa, DRP 45t),404; 441,225; 4 14,325, 
452,063. 
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is propared by cyclizing (I) with 96% sulfuric acid at 50® and passing 
chlorine into the solution in presence of a little ferrous sulfate. 


CHART 2 

Prep\r\tio\’ of Anthantiironk 



Peri-acid 


1 H.NOj 



lndanthr(‘ne Scarlet KM is a mixed hromo-ioilo derivative of anthan- 
throne, used mainly for shading Iiidanthrene Knlliant Orange UK ainl 
prepared by heating the latter w\{h (I), arsenic acid and iodine in sulfuric 
acid. Indanthrene Scarlet OK is a mixture of Indanthrene Brilliant 
Orange KK (60) and Indanthrene Scarlet KM 1,40).’ 

The anthanthrone type has useful properties and a series of dyes pro- 
duced by the introduction of amino, acylamido, anthraquinonylamino 
and other groups have been described in the' patent literature.**’ Iiidan- 
threne Orey BO is the condensation product of dibromoanthaiithrone 
with J-aniino-l-benzainidoanthraquinone {2 moles).® Blue to gray dyes 
are produced by condensing a dihalogenoanthanthrone with one mole 
each of a-aminoanthraquinone and an aminoaroylamidoanthraquinone/* 
Anthanthrone fused with aqueous potassium hydroxide, potassium 
chlorate and a little copper yields a dihydroxyanthanthrone which may 
R.g. 10, DRP 485,961; 487,023; 507,343; Slingor and ICI, BP 6,33,199. 

Zenveck, Mtillar, Bahr, and General Aniline and Film, TSP 2.320,691. 
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be alkylated. The oxidizing agent is not essential, but its use prevents 
the formation of the dihydro derivative.^* Nitration and reduction of 
naphtlialene-l,4-dicarboxylic acid give naphthostyril-5-carboxylic acid, 
from which l,r-dinaphthyl-5,8,5',8'-tetracarboxylic acid and anthan- 
throne-3,8-dioarboxylic acid can be prepared; the last is a useful dye 
intermediate.^* 

Benzanthrone Derivatives 

The benzanthrone dyes constitute an extremely important group 
which includes some of the fastest and most widely used dyes in the 
entire vat dyes range. Bally (1904) observed that when jS-ami noant hr a- 
quinone was \ reated with glycerol and sulfuric acid in the absence of an 
oxidizing agent, such as nitrobenzene, the formation of a pyridine ring 
was accompanied by the formation of an additional benzene ring, and the 
product was ** beiizanthronequinoline ’’ (9[An»8-pyridinobenzant hroiie , 
see later) instead of 5,6-phthHloylquinolino, which he had expected. 
Condensation of two moles of acrolein with one of /^-aminoanthracpiinone 
had therefore taken place, and it was then found that the condensation 
of anthrone (or aiithranol), glycerol and sulfuric acid gave benzanthrone 
Scholl confirmed the constitution of benzanthrone by cyclizing l-benzoyl- 
naphthalcnc to benzanthrone by means of aluminum chloride Alkali 
fusion of benzanthrone gave a blue dye, dibenzan throne (violanthronc; 
Cl 1099), by the union of two benzanthrone nuclei in the 3,3'- and 
4,4'-poMtions; and alcoholic alkali fusion of 3-cblorobenzanthr()ne gave 
the isomeric isodibenzanthrone (isoviolanthrone), a vidTet dye A scuies 
of important dyes have been obtained by balogen:itM)n, nitration and the 
introduction of inetho>fyl groups. The hha<le.s of the dye^ in this group 
are violet, blue, green, olive, and black The ^at'^ exhau.st rapidly and 
for avoiding unlevel shades, especially when dyeing the vdolets and 
greens and when dyeing pale shades generally, the addition of a retarding 
agent (e.g., glue or sulfite cellulo.se licpior) is useful. The* fastness 
properties arc good to excellent (light 5 S, chlorine 4 5, soda-boil 3 1) 
Water-spotting and hot-pressing cause a teinporarv change of shade*, 
particularly of the violets. 

In preparing benzanthrone^* from aiithraquinone it is not neeessar\ 
to isolate anthrone. To a mixture of 90% sulfuric acid (21(M) kg.), water 
(200) and anthrmpiinono (300) at 12:>®, iron powder (228) and glycerol 

« Corbellini and Crespi, Rend. tst. lombardo fict. (2) 69 , 580 (1036). 

« Stilmar and du Pont, USP 2,202,551. 

** Ber. 38 , 194 (1905); Bally and Scholl, Ber. 44 , 1656 (1011). 

« Macleod and Allen, OBCV II, p. 62. See also Lukin, ./. Gen. Chem. (V.S S R ) 

18 , 308 (1948). 
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(160) are added; a vigorous exothermic reaction ensues, and the tempera- 
ture is kept at 132-137® by cooling the reaction kettle. The reaction is 
complete in aii hour, and on dilution with water the precipitated benzan- 
throne is collected, treated with caustic soda solution to remove alkali- 
soluble impurities, washed and dried (yield 335 kg r)f 80% purity, or 
288 kg. of 100%). Beiizanthrone <‘rystaUizes readily in yellow needles, 
in.p. 170°, from acetic a(*id and other common ‘solvents, but is be‘-t puri- 
lied by vacuum distillation The benzantlirone condensation is a general 
reaction and any a,/?-unsaturated aldehyde, ketone or ketonic ester can be 



employed in plact» of acrolein.^® The reaction may proceed through the 
aldol (1) and allylidenc-anthronc (II) (Hally and Scholl); alternatively, 
the mechanism may l)c ^-addition to acrolein to form (III), \>hich 
cycli/es to dihydrobenzanthrone (IV) (Meer^\ein>.^’ The Meerwein 
mechanism is supported by the formation of 3-methylbenzanthrone, and 

jCOrh 


II 

(V) 0 




1(J, DKP 482,8.19, 490,187; 499,050 
" -A. prakt. Chnfu 97, 284 (1918). 


t\l) 0 
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not l-methylbenzanihrone, from methyl vinyl ketone;^® and by the isola- 
tion of the adduct (V) from anthrone and phenyl vinyl ketone as an 
intermediate in the formation of 3-phenylbenzanthrone (VI)/® Baddar 
and Warren have found that in general a,iei-unsaturatod aldehydes and 
ketones react at the double bond with anthrone (Meerwein mechanism) ; 
but cinnamaldehyde, which is an exception, and aldehydes generated 
in situ from the corresponding glycerol, react at the ahlehyde group 
(Bally-Scholl mechanism)/® It has also been suggested that the alde- 
hyde group first condenses at an a-position of anthrahydnxiuinone or 
oxanthrone and ring closure then follows, but the evidence is iiicon(*lu- 
sive. The « y-diethyl ethers of d-substitiited glycerols can be used foi 
the synthesis of 2-alkjd- and 2-arylbenzanthron(‘s/* A method of syn- 
thesizing 2-chIorobenzanthrones is to condense anthrone or its halogen 
derivatives with a,i3,7,7-tctrachloropropyl(»ne. The products include 
2-chloro-, 2,G- and 2,8-dichloro-, 2,6,11- and 2,8,1 l-trichloroben/an- 
thrones/® Benzanthrene can be prepared together with dihydroben/an- 
threne from 1-bcnzylnaphthalene by a vapor-phase dehydrogonation in 
presence of an inert vapor, using metallic oxides as catalyst Ihui/an- 
threne is oxidized to benzanthrone in good yields by the usual methods 
By reduction of benzanthrone with a metal in presence of aluminum 
chloride and a solvent tw’O distinct hydrocarbons have hvvn isolat(*d ’ 
Benzanthrone can be oxidized to anthraipunoue-l-aldehyde by treatment 
with ozonized air in glacial acetic acid/® and to anthraf|uinone-l -car- 
boxylic acid by chromic acid oxidation. HalogenaUou and nitration 
of benzanthrone take place in the 3, and the 3.9-posit ions. Facile 
substitution in the 3-iaosition is analogous to «-substitution in naphtha- 
lene, the benzene ring not deactivated by the carbonyl group being 
attacked. Monosulfonation, how'ever, giv(\s maiidy the 9-sulfonic 
acid.®® In the disubstitution reactions the diphenyl residue in benzan- 

" Mayer, Kunathche Organische Farbatojje^ Spriiigor, Pfrllii, lOSl, p. 18t. 

Allen and Overbaugh, JA(^S 67, 1322 (I93r>). 

»» Baddar and Warren, JCS 401 (1938); 944, 94S ri939). 

Baddar and Warren, Nature 140, 321 (1937). 

** Heilbron, Irving, and ICI, BP 447,516; Tleilbrnn, Hcslop, aiiil lr\ing, JCS 7S1 
(1936). 

” IG, BP 409,770. 

s* IG, DRP Anm. .J. 45,117. 

‘•CJar, DRPAnm 0.48,124. 

‘•IG, BP 472,167. 

•7 LUttringhaus and Nore-shoimer, Ann. 473 , 259 (1929) 

•• Cahn, Jones, and Simon.sen, JCS 444 ( 1933 ); Lieberinaiin uikI Roka, fier. 41 , 1 123 
(1908); Maid and Nagai, J. Soc. Chem. Ind. Japan Suppl. Binding 38 , 187B 
(1935). 

•• Pritchard and Simonsen, JCS 2047 (1938). 
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throne comes into play.®® The 4-position is attacked by aqueous potas- 
sium hydroxide and chlorate, yielding 4-hydroxybenzanthrone;*^ by 
caustic potash and aniline, yielding a small amount of 4-anilinobenzan- 
throiie;®’ and by i)iperidine, sodamide and oxygen, giving a nearly 
theoretical yield of 4-piperidinobenzanthron(».®“ When benzaiithrone in 
djmelhylaniline is heated with sodamide and oxygen, the principal prod- 
ucts are O-aminobenzanthrone, (i-hydroxy ben zan throne and f),G'-dibenz- 
anthronyliimine.®" Hy the action of Grignard reagents on ben zan throne, 
G-phenyl, benzyl and cyelohexylbenzanthrones have been prepared in 
good 3 ^ield.®'®^ Il-Acjdbenzanthrones have been prepared by a Diels- 
Alder reaction b(‘t\veen methyleneanthrone and tf,/^-ethynyl ketones, the 


CH, 


f 


i{(’35C(’on. o. 



1 .4-\aphtlioquinonr‘ 



li 

o 

iciieanUirono 



addition Ixdng accompanied by oxnlation.®^ Methyleneanthrone con- 
denses with qiunones to gi\e condensed ring systems, behaving as a 
diene in a J)iels-Alder rc'action; with a-nai)htho(iuinone the product i.s 
2,3-phtlialoyn)enzanthrone, which is a yellow \at dye.*‘® Alethjdene- 
antlirone (light yellow prisms, m.p IhS®) obtained m n(*arly quantita- 
tive vield by tr(*almg anthrone and atpieous formaUlehyde in boiling 
alcohol with a little piperidine.®^ 

Dibenzanthrones. The constitution of dibenzanthrone follows from 
the Scholl CN^clization of 4,4'-dibenzoyl-l,T-dinaphthyl (VII) to the dye;®^ 


Mjiki, J. Soc. Clum. hid. Japan 37, 21U8 (19841 
tVrkiii and Spcncor, JCS 121, 179 (19221 

•Miradicy and Robinson, JCS 1251 (1932.; Bradley, JCS 1175 a948i and earlier 
papers. 

Allen and Overlmugh, JACS 67, 710 (1M85i, ('harrn*r and (ihigi. R<r. 69, 2211 
(1936). 

*Mrvnig and Johnson, J<*S 2037 (1948); see aNo lr\nig, Johnson, and ICI, BP 
604,491. 

Hi, BP 379,798. 

®"t'lar, H(r. 69 , 1687 (1936). 

"«choU and Seer, .Inw. 394 , 129, 171 (19121. 
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further, clibenzanthioiie (an be piepared b^ tin alkiih iiision ot both 
3,3'- and 4,4'-dibenzanthioinl (VIII and l\) Hie ptMvh'iu nn^s\st(ni 
in dibenzan throne ih indicated in daik lines 

Luttringhaus and Nerefeheimei®^ establislied that 4, l'-dibenzjinThion\l 
(IX) IS an intermediate stage in the foimation ot dibenzanthione rhf*\ 
assumed that under the influence ot stiong alkali benzantlnone enoli/c'd 
to the indicated iinsatuiated lesidue, ^^hleh dinn'iized to the dipotassnun 


Benzanthrone 




(IX) 
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salt of dihydro-4, 4'-dibenzaiithronyl, and the latter then underwent 
oxidation to 4,4'-(iil>enzanthronyl (IX) . The activation of the 4-position 
111 benzanthrone by alkali is shown by ‘he fact that 3,3'-clibenzaiithronyl 
can be converted to dibenzanthtone under much milder conditions 
of alkali fusion than 4,4'-dihenzafithronyl. Bradley®^® has suggested 
tliiit, by analogy wdth the hydroxylation of benzanthrone which takes 
place by the attachment of an amon (hydroxyl) to benzanthrone when 
it fused with alkali in the presence of an oxidant, the self-condensation 
of benzanthrone in prchcnce of caustic potash is \hv result of an attack 
.)f benzanthrone by an anion of benzanthroiu'* 



Violanthrom* us now manufactured is much purer than the early 
representatives as a result of progressive improvements in methods of 
manufacture, the yield has also been greatly improved. The presence 
of a phenolic by-product m benzanthrone. which gave a homogeneous 
melt, was a necessary factor in the original alkali fusion to violanthrone; 
the reaction itself is complex, and the formation of by-products is unavoid- 
able However, it is an interesting fact that, although numerous modi- 
fications including stepwnse syntheses have been suggested in the patent 
literature, the main teehnieal process continues to be the alkali fusion of 
benzanthrone, and success in obtaining the dye with the desired shade in 
good yiehl depeinls essentially on the purity of the benzanthrone and the 
careful maintenance of optimum conditions of fusion. In the conversion 
of benzanthrone into dibenzanthione by alcoholic potash fusion, iso- 
dibenzanthrone (see later) is also formed, but pun‘ dibenzanthrone can be 
obtained by carrying out the fusion in naphthalene with the addition of 
an alkali salt of an organic acid, e g. sodium acetate, and an oxidizing 
agent wsueh as sodium nitrite.®'* It is consideied that sodium acetate 
inhibits the decomposition of the l,4'-dibenzanthronyl (IX) w^hich is 
first produced and so prevents the formation of isodibenzan throne, while 
T>yer 100, 706 (1948). 
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the oxidizing agent converts (IX) into dibenzanthrone. Other patents 
claim improvements when finely divided metals are added to the potash 
melt,*® or by the addition of oxidizing agents before pouring the fusion 
product into water.^® Among the various additions to potassium 
hydroxide and sodium acetate in the violanthrone melt which have been 
suggested may be mentioned an alkali phenoxide, an oxidizing agent 
(sodium nitrite) and sufficient alkali oxide (sodium oxide) to combine' 
with the water present. In the IG process,-* benzanthrone (240 kg.) 
and ‘'anthracene residues poor in carbazole^’ or naphthalene as flux are 
melted together at 120®, and a mixture ((>00 kg.) of 67-68% caustic 
potash and 27- 28% caustic soda, which is the same composition as for 
Indanthrene Blue, together with anhydrous sodium acetate (50 kg.), is 
added. The reaction begins at 180®, and tlie melt is kept a1 225 230® for 
1-1.5 hours. The dye is purified by vatting, clarifying the solution with 
kieselguhr, filtering, and reoxidizing (yield 78.7%). Indanthrene Dark 
Blue BO is a mixture of violanthrone (91%), Indanthrene Black BGA 
(nitrated violanthrone) and Indanthrene Orange URT (3^^). A mixture 
of Indanthrene Dark Blue BO (51%), Xavy Blue BF (30%) and Olivo 
Green B (19%) is sold as Indanthrene Dark Blue GB.** Galedon Dark 
Blue 2R and BM are ICI brands of \iolanthrone with suitable additions 
for shading purposes. 

A method of purifying crude violanthrone (as \\('ll as isoviolanthrono) 
is to stir at 50® or below with 91.5 97.5% sulfuric acid until the dye is 
converted into large crystals, dilute to about 90%,-Hnd filter the sus- 
pension.^2 Violanthrone of increased purity can be obtained by pro- 
ceeding through (VIII) or (IX), but neither method is economical in 
comparison with the older direct fusion method. When benzanthrone 
treated with manganese dioxide and concentrated .sulfuric acid at 0® for 
several hours, (VIII) (dark yellow needles, in p. 412 414®) is formed in 
about 50% yield, together with 2-hydroxyhenzanthrone.*^* In the 
manganese dioxide-sulfuric acid oxidation of benzanthrone to (VUI), and 
of (IX) and dibenzanthrone to 16,17-dihydroxy(libonzanthrone (sec 
later), products of greater purity are obtained by reducing the concen- 
tration of the acid to 82-85%.’* The 4.4'-compound (IX) (yellow 

•• Kyrides and National Aniline, USP 1,908,712. 

^oSelden Co., IJ8P 1,941,771. 

Waldron, Ulich an I du Pont, USP 2,293,783. 

Perkins and du Pont, USP 2,180,299. 

"•See also IG, DRP 407,838; 409,689; 411,013; 431,771, 138,107; 450,999; Thomson, 
Thomas, and Scottish Dyes, BP 251,313. \Vcis.s, Trans. Faraday Soc. 42, Hh 
(1946), cites this oxidation as an example of a single electron transfer process in 
systems with conjugated double bonds posse8.sing loosely bound ir-clecirons. 
du Pont, BP 430,914; ICI, BP 418,202; 405,706; see also Lee, Howell, and du Pont, 
USP 2.413.607. 
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needles, m.p. 1320 21°) is obtained when benzanthrone is heated with 
alcoholie potassium hydroxide.”'^’* F3oth the dibenzanthronyls can be 
converted into pure di benzanthrone in good yield: (VIII) hy methanolic 
caustic potash fusion at llS-riO® and (IX) by caustic potash fusion at 
2 J 3()0 ^7.73. 74« cyclization of (IX) and its substitution products, 

such as the dibromo and the dianthracpiinonylarniiio compounds, may be 
ciTect(*il l)y means of 80-90% sulfuric acid at 115 140° in presence of 
oxidizing agents like sodium nitrite and arsenate. Titanium and zirco- 
nium tetrachlorides can be used for cvclizing (VIII) to dibenzanlhrone.’* 
The dye obtained by chlorination of violanthrone in nitrobenzene was 
marketed as Indanthrene Violet HT ((T 1100;."®“ 'Fetrachloroviolan- 
tlirone (Indanthrene Xavy or Marine Blue HB), prepared by chlorination 
in trichlorobenzene or phthalic anhy<lridc at 145°, and monobromoviol- 
anthron<* (Indanthrene Xavy Blue BF) have approximately the same 
fastness properties as violanthrone, and halogenation is used for modify- 
ing the shade. It is important to carry out the chlorination in an organic 
solvent, since chlorination in an inorganic medium .such as sulfuric acid 
leads to a !v(' diff<T<*nt in the orientation of tlie chlorine atoms and 
inferior in the wet fastness of the shades.® (’hlorosulfonie aind may be 
usf»d as a solvent for bromination ^^hich can tlien be carried out using 
hydrobromic acid,"' and th(' metlnxl has been applied to other types of 
anthraquinone vat dyes."** 1 )ibenzanthrom‘ and isodibenzanthrone 
halogenated in chlorosulfonic acid in presence of sulfur yield blue dye- 
stuffs containing both lialogen and sulfur, A\hich are stated to be satis- 
factory both in fastness and dyeing properties.’^® l(),17-Diethyldibenz- 
anthrone and the corresponding iso derivative may be prepared in the 
usual ^^ay from 2-ethylbenzanthrone; the former is blue, the latter 
blue-violet. The halogen derivatives dye in blue, gray, and brown- 
violet shades, and all are (*haracterized by fastness to water-spotting, 
^^hich is poor for dilnnizanthrones having no .substituents in the 16.17- 
po.siti()ns.^“ 

Nitro- and aminoviolanthrone. Nitration of dibenzanthrone with 
nitric acid in acetic acid, nitrobenzene or chloroiicetic acid (the last 
being u.sed in the curriuit 1(1 process) at 2t) 35° gives a mixture of mono- 

Pandit (iinpnhlished \^ork^ has found that the conversion of (VIII) to dibenzan- 
thronc i.s facilitated hy the presence of ahont a fifth of it.*? weight of glucose. 

Howell and <hi Pont, USP 2,;iSS,7i:i. 

'“becher, Scalera, Forster, and Aniencnn C‘y«nainid, USP 2,416,931. 

According to Fox, J. Soc. Dyrrs Cohmnsts 65, 520 (1949). Alizanthrene Navy 
Blue U (I("I) is probably 1 6, t7-diehloroviolan throne 

K;, DHP Anm. J. 36,753. 

’'(^ha, SP 176,037: FP 724,482. 

'"IG, BP 419,666. 

Schlichting, llruhesch and Cleneral .\niline and Film, TSP 2,282,250. 
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and dinitrodibenzanthroue, dyeing an unlevcl green (Indanihrcne 
Green B) (Bally, 1904; Cl 1102) of no practical value.®^ Since the nitro 
groups are reduced during vatting, the product on the fiber is a mixture 
of aminodibenzanthrones. When the green dye is oxidized on the fiber 
with hypochlorite (about 0.5% available chlorine) at room temperature, 
a deep fast black is produced.***^ Nitroviolanthrone is marketed under 
the name of Indanthrenc Black B, BB, BGA and is an important and 
largely used dye. Other examples of commercial nitrodibenzanthrones 
are Caledon Black NB and 2BM, Ponsol Black BA, and Carbanthrene 
Black B. The position of the nitro groups and the constitution of the 
black dye produced on the fiber are still undetermined. Maki^** con- 
siders that tlu‘ nitro groups are in the 10,17-pobitionH, since the corre- 
sponding diamino compound, on oxidation with chromic and sulfuric 
acid, gave fir^t a brown alkali-soluble product (X) and ultima t<4y a 
dicarboxyhc acid (XI): the proposed structures, houever, were l)ased 




mainly on nitrogen estiinution. On the assumption ot the* Ki, 17-on(‘nta- 
tion for the nitro groups, Maki concludes that the black dyc', prodiurd 
by hypochlorite oxidation of the diamine on the fiber, is tlie pyridazine 
derivative (XII). Bennett, Pritchard, and Simonsen^^ have obtained a 
carboxylic acid containing nitrogen by the chromic acid oxidation of 
dinitrodibenzanthrone, and this rules out the lfi,17-orientation, since the 
oxidation of benzanthrone leads to anthraquinone-l -carboxylic acid 
By analogy with other substitution reactions in the benzanthrone series, 
they regard dinitrodibenzanthrone as the 3,12-compound; oxidation 
gave a dinit rodianthraquinonyl dicarboxylic acid, which on reduction 
and deamination via the diazonium salt gave 2,2'-dianthraquinonyl- 
l>I^“dicarboxylic acid, identical with the product of the oxidation of 
dibenzan throne itself. However, Pandit and Tilak*^® have synthesized 
authentic 3,12-diaminodibenzanthrone (XIII) by two routes, and found 

*' BASF, DRP 402,641. 

** BASF, DRP 185,222; 226,215; Ciba, DRP 448,908. 

« Maki, Nagai, and Hayashi, /. Soc. Chem. Ind. Japan, Suppl. Binding 88 . 710B (1936) 
JCS 31 (1948). 

Pandit, Tilak, and Venkataraman, Proc. Indian Acad. Sci. 82A, 39 (1950). 
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that it is ditTeront from the reduction product of dinit rodibenzanthronc. 
The syntheses of (XIII) wore by the action of (a) palladized calcium 
carbonate, hydrazine, and methanolic caustic potash on 3-bromo-9- 
aminobenzanthrone (XIV), and (b) alcoholic caustic potash on 9,9'- 
(linitro-3,3'-dibenzanthronyl (XV). The constitution of (XV) follows 
from its oxidation to the knoA\n G-nitroantliraquinono-l-carboxylic acid. 

Dibenzanthrone may be aminated directly by the action of hydroxyl- 
amine, its iV- or 0-sulfonic acids, or their salts. The reaction is carried 
out in sulfuric acid (91-100^;) solution in presence of vanadium or 
molybdenum compounds.^® 

Black dyes are now available in the benzanthrone series which do not 
involve dyeing a green shade and then oxidizing it on the fiber. These 
^4)irect Blacks” can be prepared by several methods. There are three 
Indanthrene Direct Blacks in the current IG range — B, R and RB. The 
process for Indanthrene Direct Black RB is the condensation of tetra- 
bromopyranthroiie A\ith a-aminoanthraquinone (0.5 mole) and amino- 
dibenzanthrone (3.5 mole) in nitrobenzene solution in presence of copper 
oxide and sodium acetate.^ Aminoviolanthrone is prepared in substance 
for this purpose by reduction of the nitro compound by means of sodium 
sulfide. From a dark blue ^at Indanthrene Direct Black RB dyes rich 
black shades with excellent all-round fastness. It has been mentioned 
earlier in connection with the polyanthrimides and the carbazoles that 
the multiplication of anthraquinone residues has a marked effect on the 
fastness to alkali boil. Indanthrene Direct Black RB and similar dyes 

Robson and ICI, BP 585,660; cf. Tiirski, DRP 287,756; BP 564,610; 626,661; BASF, 
BP 204,241. According to Ref. 76a, Indanthrene Gray 3B is 16,17-diaiiiino- 
dibenzanthrooe. 
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containing several anthraquinone nuclei exhibit excellent fastness to kier 
boiling, and such polyanthraquinonoid dyes also have the valuable prop- 
erties of good affinity for cellulose and level-dyeing character. 

Other Direct Blacks are made by modifications of the dibenzanthrone 
molecule in A\hich products of undetermined structure arc obtained by 
oxidation uith chromic acid (e.g. Paradone Direct Black, probably a 
hydroxylaled diquinone) ; or by the action of heat on nitrodibenzanthroiu' 
(Caledon Direct Black AC); or by reducing nitrodibenzanthrone, nitro- 
dibenzanthronyl or nitroisodibenzanthrone in alcoholic suspension with 
sodium sulfide, and heating the amine without isolation at 210 215° with 
potassium hydroxide;**^ or by fusing diaminodibenzanthrone at 290° witli 
caustic alkali, potassium chlorate and sodium phenoxidc.**^ Xitro- 
dibenzanthrones suitable for conversion into direct blacks can be prepared 
by nitration of dibenzanthrone in sulfuric acid. 3,3'-Dil)enzanthronyl 
(VIII) is converted into gray to black dyes by nitration, reduction and 
heating with alcoholic potassium hydroxide so that nitrogen is not 
eliminated. In the fusion of diamino- 1, r-dibenzanthronyl with 
alkalis, the use of alcoholic potash at 190 250° gives gray to black vat 
dyes fast to water-spotting.®** Thus the dinitration of t,4'-dibenzan- 
thronyl, reduction of the nitro compound to the diamine and cyclization 
with alcoholic potassium hydroxide gives Indanthrene (Jrey 3(r ** Dyc^ 


NH 



of this type can be prepared by the action of hydroxylaminc on dibenz- 
anthrone. If dibromodibenzanthrone, obtained by brominating dibenz- 
anthrone in chlorosulfonic acid in presence of a halogen carrier, is con- 
densed with two moles of a-aminoanthraquinon(‘ and then fused with 
either caustic alkali or aluminum chloride, tlie product gives fast gray to 
black shades from the vat.®^ The condensation product of a monoarnino- 
pyranthrone (2 moles) with dibromoviolanthrone (1 mole) dyes cotton 
in olive to greenish black shades from a red-violet vat.®^ The product ol 

Howell and du Pone. USP 2,310,087. 

Wuertz, Perkins, Granger, and du Pont, UHP 2,334,801. 

Newport Co., BP 365,532. 

»» IG, BP 512,189. 

Fleyslier and National Aniline, USP 2,232,700. 

•* Ogilvic and Allied Chemical and Dyestuff, USP 2,:^00,832. 
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the condensation of aminodibenzanthrono with 2,4-dinitrochlorobenzeno 
dyes blue-gray shades fast to chlorine.®'-*" 

Dihydroxy- and dimethoxyviolanthrone. One of the major dis- 
coveries of the British dyestuff industry is Caledon Jade Green X (Indau- 
threnc Brilliant (Jreen li; FFlij (Davies, Fraser -Tliomson and Thomas, 
1920; Cl 1101).®’* Oxidation of dibenzan throne with manganese dioxide 
and sulfuric acid gives l(»,17-dihydroxydibenzanthrone (XVI) which dyes 


( HART 3 

Syntheses of (*ali.don J\uh (Ikeen 
Benzanthrone 



Dibenzanthrono 4,4-Dibenzanthronyl (IX) 




green shades with poor leveling properties; but melhylation in nilro- 
l)enzcne solution with dimethyl sulfate in presence of anhydrous potas- 
sium carbonate yields the dimethyl ether which dyes level shades of a 
bright and attractive bluish green with excellent fastness (light 7-8; 


Cicneral Aiiihnc and Film, USP 2,481,449. 

“M'laviea, Thomson, Thomas and Scottish Dyes, HP 181,304, 193,131, see also 
Thomson, J, Soc, Dyers Colourists 42 , 124 (1926); J. Nor. Chan, Ind. 62,946 (1933); 
Howell and du Pont, USP 2,140,455. 
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Synthesis of 2-MBTHoxYBLN7\NrHRt>NE 



2-Metho\\ !>eii7anthrone 
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alkali boil and chlorine 4-5).“^® The constitution of the dye has been 
conlirmed by its synthesis from 2-methoxybenzanthronc (brownish 
yellow crystals, m.p. 174-174,5®), which can be prepared by several 
methods (Chart 4).®^ 

The I(i method (T.uttringhaus and Neresheimer, 1922}''^ for the 
preparation of lG,17-dimethoxydibenzanthrone proceeds through 4,4'- 
dibenzanthronyl (IX), prepared by heating benzaiithrone (200 kg.) with 
potassium hydroxide (500; 90%) and aiihydrous sodium acetate (tiO) 
in isobutyl alcohol (385) at 112® for 1-1 hours, and diluting with water 
(1000). Two layers are formed, and the upper layer is separated and 
oxidized at 50® with 12% sodium liypochlorite (80) in water (000). 
After removal of isobutyl alcohol by steam distillation, (IX) is collected 
and dried (yield 82%). On dissolving (IX) (150 kg.) in 9t)^i sulfuric 
acid (4000) and water (500), ainl oxidizing with manganese dioxide (192) 
at 25 30® for 1 hours, pouring into aqueous sodium biMiUite and boiling, 
ir),17-dihydroxydibenzanthrone (XVI) is obtained in nearly (piantita- 
tive yield. The direct oxidation product is lt>,17-dike1odibenzan- 
throne (XVil) which is then reduced to (XVI) by the action of bisulfite. 
Methylation is effected by heating (XVI) (150 kg.) in trichlorobenzene 
(2370) with methyl p-toluenesulfonate (245) and anhydrous potassium 
carbonate (ISO) at 210® for 4 hours. After cooling to 150® and distilling 
down to dryness in vacuoy the product is marketed as Imlanthrene 
Brilliant Creen B. A purer brand, Indanthrene Brilliant Creen FFB, is 
made by filtering the hot trichlorobenzene solution at 150® in a pressure 
filter, washing the product with hot trichlorobenzene and drying (yield 
144 kg.). In both cases, the dyestuff is finally dispersed from sulfuric 
acid.- Methylation of (XVI) by dimethyl sulfate an<l sodium carbonate 
in boiling trichlorobenzene in prc'sence of phenol gives an “improved 
green vat dye’' by reducing any (XVII) formed during the reaction.®’^® 

Partially alkylated products maj" be separated from dialkoxydibenz- 
anthrones by treatment with aqueous alkali and pyridine in which the 
former dissolve.*^® 

Ilalogenation of dimethoxydibenzanlhrone must be carried out under 
cimditions which do not result in demethylation by the hydrogen halide 
formed in the reaction. Bromination can be conveniently carried out 
in a mixture of 96% sulfuric acid and 24% oleum at 40°; after the addi- 

According to Ref. 76a, Caledon Jade Green 3BS is proh.ahly diethoxydibenzan- 
thronc. 

** Schirmacher, Zalm, Ochwat, and Wilke, USP 1,614,398; [)RP 413,738; see also 
Haddar, JCS 1088 ( 1948 ). 

BASF, DRP 411,013. 

(Mneinnati Chemical Works and Ciba, BP 636,008. 

Rockett and U^I, USP 2,388,665; BP 581,2.50 
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tion of bromine, about a sixth of its weight of sodium nitrite is added. 
The dibromo compound is Caledon Jade Green G or 2G (Indanthrene 
Brilliant Green GG), and the 4G brand is a mixture of Green 2G and 
Algol Yellow 8G (Indanthrene Yellow GF).”' 

The ethylene ether of (XVI) is a greenish blue dye (Caledon Dark- 
Blue G). The IG analog, Indanthrene Navy Blue G, is prepared by 
alkylating dihj'droxydibenzanthrone with ethylene dibromide or (8-chloro- 
ethyl p-tolueuesulfonate.®' In its fastness properties it is similar to 
Indanthrene Dark Blue HO, which is much redder in tone. 


O 


(XVIII) 


Indanthrene Navy Blue (J 

lOjlT-DihydroxydibenzaiUhrono (XVI) ha« brm alkylated \\ith 
jSjjS'-dihydroxydiethyl ether and similar reagents to obtain dyt'sluff.s 
greener in shade than the (*orresponding dimethoxy derivative.^® Tlio 
alkylation of dihydroxydibenzanthrone in some cases is best carried out 
by using one of its dry alkali-metal salts as starting materia!.'®® Hishy- 
droxyalkyl ethers of (XVI), prepared by heating it with an aliphatic or 
cycloaliphatic a,/3-ep()xide and a heterocyclic base are blu(‘-green \al 
dyes, and they can be sulfate<l to form acid wool dyes of similar shades 
Monottsopropyl or isobutyl ethers of (XVT) are converted by heating 
above 150® in a solvent under alkaline conditions into bluish-green vat 
dyes fast to acid and alkali; they differ from the normal ethers of (XVI' 
in their resistance to acid hydrolysis. They may be sulfonated to yield 

Fierz-Davifl, Kun.stlichu Organischc Farhatoffo, Springer, Berlin, 1026; lO, J)Bl* 
436,828. 

**See also Stallmann and dii Pont, BP 546,907; Maki, J. Sor Chnn. Ind. Japan 46, 
1256 (1043). 

»» du Pont, USP 1,047,017.* 

Stallmann and du Pont, USP 1,050,366. 

Young, Gey, and du Pont, USP 2,302,733. See also USP 2,183,626-7. 
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green arid wool dyes without loss of alkyl groups. It is suggeBtcd^®^ 
that loss of water has taken place between the 10-hydroxyl and a hydro- 
gen atom of the secondary alkyl group forming a pyran ring as in (XVIII) . 
I0,17-I)ihydroxydibeiizanthroiie (XVI) gives a stable leuco compound/®* 
which can be isolated as the monosodium salt from a hydrosulfite vat 
by reducing the pH to 9-12 at 00 90° until pre(*ipitalion is complete; 
this compound dissolves in sulfuric acid with a blue color and is unchanged 
on precipitation, even after heating at 100°. Derivatives of this and of 
the normal h‘iieo compound have been described; the former also esterifics 
normally to the disulfuric ester. A dinitro derivative of (XVI) can be 
prepared and reduced to the mono- or diamine.*®* lo-Amino- or lo,18- 
Jiamino-IG, l7-dihydroxydibenzantlirone is converted into lo,! 0,1 7-tri- 
or 15,U),17,l8-t(drahydroxydibenzanthronc‘s respectively by the action 
of water or dilute acids or bases/®® and these may be alkylated to yield 
blue, green, and greenish-blue vat dyes.*®^ A simpler method for the 
preparation of ir),l(),17-trihydroxydibenzanthrone consists in heating 
l(),l7-diketodibenzan throne (XVII) in sulfuric acid alone or with a cat- 
alyst and then reducing the resultant 15-hydr()xy-lt>,17-diketodibenzan- 
throne.*®® Blue, gn^en, or gray vat dyes are obtained when amino- or 
diaminodihydroxydibenzanthrones, in vhich at least one NH 2 is ortho to a 
hydroxyl group, are converted into oxazoles.*®® 1, 14,10, 17-Tetra- 
metlioxydibenzanthrone is a gray-green vat dye.**® Dibenzanthrone 
and its derivati\es in general are \iolel, l)lue. green or black dyes, but 
red vat dyes of undetermined structure have also been ilesiudbed. They 
are prepared by interaction of (XVI) with aromatic carboxyl halides 
ill presence of ferrous or ferric chloride, and treating the resulting bluish 
dyes with ammonia, amines, acid amides, or pheiiylhydrazine.**^ 

Vluorescent dyes for coloring petroleum oils are made by treating 
hydroxydibenzanthrones or isodibenzanthrones, or their leuco deriva- 
tive's, in an anhydrous organic solvent with chhirocarbonic esters such as 
ethyl and octadecyl; an example is the bis-carbet hoxy derivative of 
leucodimetlioxydibenzanthrone.**' 

*'Mu Pont, BP 434,152. 

Pont, USP 2,183,625. 

'‘’*(lu Pont, USP 2,188,320. 

'“MG, HP 442,860. 

10, DUP Anin. J. 52,762. 

IG, BP 162,659. 

*"MO, DRP Anm. J. 52,858. 

TG, BP 456,579. 

Maki and Kikuchi, Her. 71, 2031 (19.38). 

IG, BP 480,284; 501,478. 

"Mu Pont, USP 2,258,400. 
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The relationship between the dibenzanthrones and the dibenzopyrene- 
qiiinoncs is indicated by the fact®* that oxidation of 16,17-diketo- or 
dihydroxy-dibenzanthrone by means of nitric and sulfuric acids in 
presence of vanadium peutoxide yields 9“hydroxy-l,2-benzo-0,7-(2',r)- 
anthraquinonopyrene-3,8-quinone (XIX). Methylation >j;ives a fast 
yellow dye, and orange vat dyes of similar type have also been described, 
but they are too expensive for commercial development. 



It has been suggested that vat dyes such as Caledon Jade (Ireeii can 
be used for standardizing coal assay apparatus, since they can be obtained 
pure in large quantities. Making carbonization as^ay^ of a number of 
vat dyes, it has been found that diethoxydibenzanthroiu^ giv'(»s a larger 
gas volume and calorific value than the dimethoxy (‘ompound, tin' results 
indicating the presence in bituminous coals of aliphatic peripheral groups. 

Isodibenzanthrone (sec Chart 5) (Bally and Wolff, U)0(>; CT 1103) 
was first made by heating 3-chlorobenzanthrone (1) with alcoholic 
caustic potash at 150°;’*® (I) is readily obtained by chlorination of 
benzanthrone in aqueous suspension at 100°. The mo^e of formation ot 
isoviolanthrone from benzanthrone is probably by 3-chlorobenzanthroM(‘ 
yielding the anion (II) which replaces chlorine in another molecule of 
3-chlorobenzanthrone giving (III); repetition of the processes of proton 
liberation and halogen replacement then leads to isoviolanthrone.”® 

The modern method of manufacture is a great advance on th(' original 
process, and proceeds through 3,3'-dibenzant hronyl sulfide or selenide.”' 
The corresponding sulfone may also be used, and the temperature of the 
water-bath is then adequate for the conversion. 3,3'-I)il)enzanthroiiyl 
sulfide is converted into isoviolanthrone in 80% yield by refluxing for 
2 hours with potassium hydroxide (1.5 parts) in isobutanol. Perkiiih 
describes a very short process in which 3-bromobenzanthrone is converted 
into the dibenzanthronyl selenide or sulfide by heating with an alkali 

IG, BP 480,882. 

Gibson ei aZ., Inst, Fuel Wartime Bull. Feb. 128 (1945). 

BASF, DRP 194,262. 

Bradley and Jadhav, JCS 1622 ( 1948 ) ; contrast Schwenk, Cham. Ztg. 62 , 62 (li>28) 

du Pont, BP 370,905; IG, DRP 441,748; 443,022; 418,262; ICI, BP 367,462. 
also Nagai, J. Sac. Chem. Ind, Japan 45 , Suppl. binding, 149, 151 (1912). 



1 J-Dibromoperylene 
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metal selenide or sulfide; caustic potash is added, and isodibeiizanthrone 
is formed on heating. 

3,3'-Dibenzaiithronyl selenides are obtained by treating (I) or its 
derivatives with alkali selenides in water or alcohol. The diselenide or 
the hydrogen selenide may also be obtained according to the conditions. 
The diselenide and the sodium selenide may bo convert eii into the dibenz- 
anthronyl selenide by heating with a solvent with or without a metal such 
as copper. Alternatively, the dibenzanthronyl selenide may ho 
obtained from the sodium benzanthronyl selenide and 3-hal()genobenz- 
anthrone.^"’ 3,3'-Dibenzanthronyl selenide on fusion with sodium 
alkoxide yields isodibeiizanthrone of high purity. A halogeno-3,3'- 
dibenzanthronyl selenide may be condensed with an aminoanthraquinone 
and the resulting imide may be fused with potash to give vat dyesj^*^ A 
mixed type, anthraquinonyl 3-benzanthronyl selenide, is obtained by con- 
densing a halogenoanthraquinone with a 3-benzanthronyl sodium scle- 
iiide. Someof these products are violet to blue vat dyes.’^^ 3-('hloro-:f . 
4-dibenzanthronyl is formed in 23% yield by treatirig (1) with alcoholu* 
potash at 100° for an hour, and yields isodibeiizanthrone on furthci 
fusion. 

The constitution of isodibeiizanthrone has Ix^en confirmed by its for- 
mation from 3,9-dibenzoylperyIene (IV) on baking with aluminum 
chloride; cyclization of 3,9-dibromo-4,l0-dibenzoylperylen(» (V) proceed^ 
more readily. Oxidation of isodibeiizanthrone w ith chromit* and aci'lic 
acids gives 1,2, 0 , 0 - or /ra/i.s-bi.s-angular diphthaloylanthraciuinone.*-*’" 

An interesting method for the preparation of 3,4'-dihenzanthron>l 
(VI) is by the condensHtion of methyleneanthrone (VII) with 4-benzan- 
thronylacrylic acid (\II1) in nitrobenzene which acts both as sohent 
and oxidizing agent.'-’ 

Isodibeiizanthrone (Isoviolanthrone; Indanthrene Violent U) has boon 
superseded by its halogenated derivatives wdiicli are brighter and faster, 

Perkins and du Pont, USP 2,153,312. 
du Pont, USP 1,955,855. 
i«du Pont, USP 1,999,996. 
du Pont, USP 1,9 )9,999. 

‘**ScalL*ra, Forster and American UJynnamid, USP 2,468,606. 
i«dii Pont, USP 1,977,242. 
du Pont, USP 1,99'>,997. 

Nakanishi, J. Chtm, Roc. Japan 66, 483 (1934). 

»*• Scholl and Seer, Ann. 394, 126 (1912); Zinkc d al. Btr. 68, 393, 799, 2222 (1925), 
Marschalk, Bull. hoc. chim. 41, 706 (1927). 

ifta 5$eholl and Meyer, Ber. 61, 2550 (Hl28). See also Maki and Nagai, Ber, 70, 1867 
(1937). 

w’ du Pont, USP 2,136,998. 
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and havo l)rtt(T l«‘volinp. iji-opertiosJ"**' ( 'hlormation. o l)y meaiib of 
sulfurvl chlorido in ni1r<)l)enzon(*, a dichloro dori\ alive (Indanthreue 
Brilliant Violet UK; Caledon Brilliant Purple tit ; C'l 1104). Bromina- 
tion in eMoi *>.ialfonic acid in presenee of a little .'^nlfnr ^ives Indanthrene 
Brilliant Violet 3B, whieh eontains bromine and 1.8' ^ ehlorine, 

and d 3 ' 0 s a bluer shade. ^ Indanthrene Brilliant \'iolet 3B has also been 
stated to be (),ir)-dibronnioi.soviolanthrone, having a bromine content of 
2() 20. introduced by the action of bromine (To kg.) and iodine (20) 
on isoviolanthrone (200) in chloro.sulfonic acid (1000) at 50° for two 
lioiirs.^® The theoretical bromine content of dibrornoisoviolanthrone is 
20.1 V(, and of monobromoisoviolanthrone 15.0'",'. The.se Brilliant 
V^iolets are superior to the early representatives (the dichloro compound, 
Indanthrene Violet BB; and the dibromo. Violet B extra: Cl 1105) 
l)ecause of the much greater piiritj' of thi* isodibenzanlhrone now sub- 
mitted to halogenation. The purple and violet dyes of the dibenzan- 
throne and isodibenzanthrone series have a tendency to redden on moist- 
ening, and the defect i.s remedied if the dyes an^ halogenated by special 
methods, e.g., by chlorination in a .solvent at tcmipiTatures below 130° so 
a.s to form a dichloro derivative. Cibanone Blue BA and tJ, Cibanone 
Violet BW, and Alizanthrene Navy Blue are dyes of this type.*-^* 

4-Meth3dbenzanthrone is ol)tained together with other methylbenz- 
anthrones when 2-methyIanthraquinone is submitted to the benzanthrone 
reaction. When the isomers which are left after extracting 4-meth\d- 
benzanthronc are used for the production ('f isodibenzanthrones, the dj'es 
iire bluer in shade than isodibenzanthrone itself. The mixture of isom- 

'** BASF, DRP 217,570. 

Frasor-Thomson in Thorpe’s Dictionnry of Applied Chemistry, Ith od., Vol. T, 
I/>ngman8, liondon, p 402. 
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erides is brominated in 80-85% sulfuric acid and then fused with alkali 
directly or after conversion into the sulfide or selenide derivatives.'*® 
Caledon Ming Blue X is 6,15-dimethoxyisoviolanthrone.'®®® Green- 
ish blue shades are obtained by the introduction of halogen; thus when 



9,9'-dichloro-3,3'-dibeiizaiithronyl diselenidt^ is fused with alcoholic 
potash, oxidized with manganese dioxide and siilfurie acid, the duiuinone 
reduced with sodium bisulfite, and the dihydroxy compound is methyl- 
ated, the product gives a greener shade than Caledon Ming Blue 
A greenish blue dye is also obtained by lialogenation of (),15-dialkoxyiso- 
dibenzanthrones, prepared by alk 3 ’lating the oxidation prodind of 
isodibenzanthrone. 

Oxidation of aminoisodibenzanthrones with sodium nitrite and dilute 
sulfuric acid at 40-45° for several hours, followed b^^ a short treatment 
at the boil, gives gray to black dyes which are fast to light, w’ashing and 
chlorine.'*® 

Miscellaneous derivatives of benzantbrone. Cyananthrene () or 
Indanthrene Dark Blue BT (Bally and Isler, 1904; Cl M 17), prepared bv 
the alkali fusion of “benzanthronequinoline,'' is now' obsolete. “Benz- 
anthronoquinoline,” oKtained by the action of glycerol and sulfuric acid 
on /S-aminoanthraquinone, w'as formulated by Bally'** as being probabl> 
a 5,6-p3Tidino derivative of benzanthrone. The angular, as against tlu' 
linear orientation, w'as proved by the fact that “benzanthronequinoliia* ’ 
was obtained by the action of glycerol and sulfuric acid on l,2(.V)-pyn- 
dinoanthraquinonc (5,()-phthaloylquinoline) ; Graebe had prepared this 
angular pyridinoanthra(|uinone earlier from Alizarin Blue by zinc du^t 
distillation to pyridinoanthracene and subsequent oxidation.'®* Pandit 
and Tilak®* have now found that Bally’s benzanthronequinolinc is th(* 
9,8-derivative (I) 9-Aminobenzaiithrone (II; red needles, m.p. 225 h°). 

Ciba, BP 441,041. 

Hoa Geake, Tram, Faraday Sac. 87, 68 (1941). 

du Pont, USP 2,170,381. 

IG, FP 810,512 ; see also^DRP 442,511, 

Fleysher and Allied Chemical and Dyestuff, USP 2,400,195. 

38, 196 0905); Bally and Scholl, Ber. 44 , 1656 (1911); Graebe, Ann. 201, 
333 (1880). 
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prepared earlier by (3opp and tSimonsen'®*^ through a lengthy route, was 
synthesized by nitrating 3-bromobenzanthrone to 3-bromo-9-nitrobenz- 
anthrone, which was reduced to 3-bromo-9-aminobenzanthrone (red 
needles, m.p. 274®) and dehalogenated by palladium, methanolie caustic 
potash and a few drops of hydrazin<‘^®® to (II), together with 3,12- 
diaminodibenzanthrone. The Skraup reaction on (II) gave (I), identical 
with Bally's *M>enzanthronequinoline" (bright yellow' needles, m p. 251°). 
Consequently, Indanthrene Dark Blue BT has the indicated structure.'®®® 

Wher ^-^uiinoanthraquinonc is treated with glycerol, sulfuric acid 
and arsenic pentoxide, 5,6-phthaloylquinoline and 6,7-phthaloylquinoline 
are formed. The former gives Bally's ‘Mjcnzanthronequinoline^' by the 
action of glycerol, sulfuric acid, and copper bronze, and the fact that 
Bally and Scholl isolated (),7-phthaloylqxiinoline, and not the isomeric 
angular compound, from the products of the action of glycerol and 
sulfuric acid on /S-aminoanthraquinone indicates that the angular com- 
pound undergoes very facile conversion into (I). The Bally reaction 
IS complex, and at least one other benzanthronequinoline can be iso- 
lated, and this compound is one of three benzanthronoquinolines which 
are formed by the action of glycerol, sulfuric acid and copper on 6,7- 
phthaloylquinoline.'®®® 

3-Bromobenzanthrone (III) can be prepared in nearly quantitative 
yield by bromination of benzanthrone; it is dispersed from sulfuric acid, 
and heated at 70-75° in aqueous chloroacetic acid suspension with hydro- 
chloric acid and bromine, and finally with sodium hypochlorite; excess 
halogen is then destroyed by treatment with sodium bisulfite solution, 
rreatment of benzanthrone with the calculated quantity of bromine and 
au equivalent amount of sulfuryl chloride in nitrobenzene at 80-90° also 
Kl^es pure (III) in 95% yield. While sulfuryl chloride chlorinates 

JCS 209 (1942). 

Busch, Weber and Zink, prakt, Chetn, 196, 163 ( 1940 ). 

Bradley (private communication) has shown that Indanthrene Dark Blue BT 

18 the iso viola n throne derived from (I). 

Pandit, unpublished work. 
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benzanthroDC as usual, in the presence of bromine it acts as an oxidizing 
agent only, and (III) is formed in a very economical manner.^®’ In the 
bromination of benzanthrone two moles of bromine are absorbed by two 
of benzanthrone, and a complex compound is then formed from one mole 
of the salt-like dibromo derivative and one of benzanthrone.*’*** 

When (III) is condensed with a-aminoaiithraquinone in molten 
naphthalene in presence of copper oxide, and the secondary amine (IV) 



is treated ^^ith potassium hydroxide in boiling isobutyl alcohol for 3 
hours, cyclization to an acridine takes place and the product is Indan- 
threne Olive Green II,- a dye with light fastness 8, chlorine fastness 
4-5, and soda-boil fastn(*ss 4. The substance exists in'Two modifications 
which difler in their solubility in pyridine.*'*** Indanthrene Olive Green B 
and its derivatives can be purified by vat ting and salting out the leuco 
compound.'***® The coiLstitution of Indanthrene Olive (Jreen h is shown 
by its oxidation to a phenanthridone (V).*'** Oxidation of dibenzan- 
throne or of 4,4'-dibenzanthronyl by chromic acid yields 2,2'-dianthra- 
quinonyl-l,l'-dicarboxylic acid which has also been synthesized from 
2-bromo-l-cyanoanthraquinone. The dicarboxylic acid yields a half 
amide which undergoes th<* Hofmann reaction and then cyclizes bv 
dehydration to (V).*'*- 

Perkins, Deinet, .iiid du Pont, TSP 2, 180,8;^5. 

Muller and icseinanri, Her. 69B, 2173 (1936). 

Maki and Kikuehi, Soc Cheni. Ind. Japan 42, 316B (1939) ; BASF, DRP 212,47 1 
lO, DRP 504,016, 507,314; §09,422. See also Hironaka and Tono, JP 172,741. 
('iba, BP 613,836; General Aniline and Film, USP 2,392,794. 

Microfilm FDX 14. 

!<•>« Scalera and American Cyanamid, USP 2,483,238. 

IG, DRP 499,352. 

Scholl, Muller, and Bottger, Her, 68B, 45 (1935). 
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If 1,5-diaminoanthraquiiione is condensed with one mole of (III), 
and after eyclization the remaining amino group is benzoylated, the 
product is Indanthrene Olive OB (not mentioned in the I.(i. shade card); 
and chlorination gives Olive (ireen Olive Oroen fiO has excellent 

fastness properties (light 7-8; alkali boil anfl chlorine 4 o). By intro- 
ducing suitably substituted amino groups in the 1-, o- or 8-position of the 
anthraquinone residin', gray dyes are produced.^'* Mixtures of the 
Indanthrene Olive Cireen CJB and OO type of dye with a dibenzanthrone 
or isodibenzanthrone dye l)lack shades with ('xcellcnt fastness to light, 
washing and kier boiling.*^* Vat dyes of deep shades are obtained by 
condensing one mole of (III) with an anthraquinonecarbazole containing 
two amino groups, cyclizing to an acridine, and acvlating the remaining 
amino group. 

Dyes of the Indanthrene Olive fJreen type can be prepared by u.-«ing 
3-alkoxybenzanthrones in place of (and occasionally in preference to) 
the 3-halogeuo compounds. Condensing 3-methoxybenzanthrone with 
/S-aminoanthracpiinone, cyclizing to the acridine, and then methylating, 
a gray vat u>e (VI) is obtained.'*^® 

Me 



Dibromination of benzanthrone in chlurosulfonic acid aiul mono- 
hydrate at 20 lo® for 15 hours, u.sing iodine as catalyst, gives a 97 yield 
of the 3,9-(libromo compound (VII), ^ useful for the pn'paration of 
derivatives of Indanthrene Olive Green (Chart 0). Indantlirene Olive T 
(a dye with light fastness 7 8 and fastness to soda-boil and chlorine 4-5) 
has been assigned both the indicated anthrimide^ and the corresponding 
carbazole structures.'*® By treatment of Indanthrene Olive T ^\ith 
aluminum chloride and sulfuryl iddoride, a novel shade of oli\e with high 
light fastness is obtained.- Fust gray vat dyes can be prepared from 
mixed chlorobenzanthrones (Cl 13.5 by condensation with a-amino- 
anthraquinone and eyclization.**® Bluish-gray dyes are obtained by 

Id, BP 358,074; 362,432. 

Id, BP 468,037. 

Id, BP 467,919. 

Id, BP 508,029. 

bytle and Amopcan ( V»nannd, USP 2,456,589. 
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DERivAmBb OF Ind^nthbbve Olive Green 



Indaiithronc Oh\c Br wn * B Indanthrenc. Black Broun "NR 
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coudcnising (VII) witli heterocyclic aiithrone derivatives, such as pyrimid- 
authrones and pyrazolanthrones, containing a free amino group, and 
various minor modifications of the reactions shown in Chart (i have been 
mentioned.'*^ Fast gray to black vat dyes arc obtained by alcoholic 
potash fusion of 3',4'-phthaloyl-x-(3-bcnzanthronylaminoJacridoncs, in 
which X can be (5, 4 or 1.^^* Cray vat dyes are obtained by condensing 
(VII) with a mole each of naphthostyril and an aminoanthraquinone; the 
latter may bo a 2,l-(A")-anthraquinonebcnzacridone.^^® By coiuhuising 
0-chloro-l-(3-benzanthronyl)aminoanthraquinonc with aminoanthraqui- 
nones which may be substituted, and treating the resulting anthrimide 
with caustic potash, both carbazole and acridine cyclizations take place, 
and th(* products dye olive gray shades.*®^ BenzaiithronethiazoU's and 
.s<‘lenazoles, fused with alkali, yield black vat dy(\s.*’’^ 

Mis(’i:ll\\k()i>> Homo('Y(’LI( Qi’INOxks 

When 1,1 '-diant hraquinonyl (I), which may be prepared by heating 
anthraquinmo with antimony pentachloride in nitrobenzene or from 
a-aminoanthra(iuirione through the diazonium salt and a-iodoanthra- 
quinone, is heated witii copper and concei»trated s\ilfuric acid, the product 
is ?n6-b<*nzodianthrone or Ilelianthrone (Scholl, 1910), a yellow dye of no 
piactical value. Treatment of Ilelianthrone with aluminum 
i'hl<iri<le gives ms-naphthodianthrone (II), which al.^o has not been used 
commercially, since it requires a special method of vatting with alkali. 



bynm and du Pont, l^SP 2,20a,416; 2,lll,07t; 2.111, 8o8: 2,150,093; 2,251,560; 
2,312,401 ; 2,312,462; BP 535,789: 538,377-8. 

’^MuPont, rSP 2,081,874. 

"•du Pont, rSP 2,155.360. 

’-Mu Pont, USP 2,278,977; soo also 2,188,537-8. 

’ du Pont, U8P 2,028,114-6. 

"'Scholl and Mansfcld, Bvr. 43 . 1734 (1910) 

also Attrcc and Perkin, ./(VS 144 (1931); Bioekniann and Muhlnuinn, Chnn, 
Her, 83 , 348 (1949). 
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hydrosulfitc and zinc dust. The parent tlye gives yellow shades, and by 
halogenation and condensation with a-aminoanthraquinone and its 
derivatives violet and purple dyes may be obtained. The naturally 
occurring photodynamic pigments, hypericin and fagopynn, are probably 
polyhydroxy derivatives of (11).“** 

Alkali fusion of 3,4-dimethyl->ns-benzo<lianthrone (HI) yields the 
orange o/lo-»i8-naphthodianthrone (IV), which on baking with aluminum 
chloride gives the bright reddish yellow anthrudianthrone (V) 'I'he light 
fastness of the shades is poor. By halogenation and conden.sation with 




a-aminoaiithraqui nones, a senes of brown, red, blue, violet and black 
dyes have been produced. The perylcne and coronene ring systems 
present in these polycarbocyclic quinones w ill be noticed. None of these 
dyes has found technical application, but it has been stated that hulo- 
genated (IV) and (V) have a clarity of shade approaching the basic 
colors, and anthradianthrone derivatives also possess excellent fastness 
properties, so that further syntheses in the series and careful assessment 
of the dyeing and fastness properties of the inwv vat dyes are indicated.'” 

When methyleneanthronc is refluxed with alcoholic hydrochloric acid 
and then heated with aluminum chloride above 200® it forms a yellow 
compound, which on further heating at 320® evolves ethylene to gi\c 
5,6,11, 12-dibenzoperylene-4,10-quinone (VI), dj'eing cotton violet 
The dye is apparently identical wdth the product of the cyclization ol 

IG, DRP 456,683; 457,493 4; 467,687; 168,577; 468,988. 470,91», 171,039, 475,I.{'» 
485,710; 608,396; 516,399. 

•*<” Brockmann H «U , Chem Her 8S, 467 (1950). 

IG, BP 373,129. 
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9,l0-diphenylanthraceiie-l,5-dicarbo\ylic arid,’®® and with a dye syn- 
thesized from l,r-dichloro-9,9'-dianthrone.’®^ The dye has poor fast- 
ness. The yellow intermediate product from meihyleneanthrone, w’'hich 
IS probably a dimeride, ^^hen heated with alkaline condensing agents, 
gives reddish violet substances which can be used as pigments.®® 

Accdianthrone, a new type of polycyclic quinone w^hich is isomeric 
with pyranthrone and has vat dyeing properties, is obtained when two 


CHART 7 

Prspauation of Indanthrene Red Brows RR 

I 2*1% NHj. Zn dui»l, CuSO,, 30*, 12 hre 



Yellow needles 


8lr KOH air SV 



’’•iScholl, Meyer, and Winkler, .Inn. 494 , 201 (1932). 
' ^ Heilbron, Chemistry cfc Industry 951 (1933). 
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moles of anthrone are condensed with glyoxal in the form of its sulfate, 
and cyclized with sulfuric acid. The dichloro derivative is Indanthrene 
Red Brown RR, made by the indicated series of reactions (Chart 7).* 
The vat is yellowish brown in color; in full shades the fastness to light 
and other agencies is excellent, but the fastness to alkali boil is of a lower 
degree (3-4). Condensation of the l-chloro-9-an throne analog of 
Indanthrene Red Brown RR with two moles of l-amino-o-benzamido- 
anthraquinone and subsequent carbazolization give Indanthrene Broun 
NG, which IG produced in small quantities because of its high 
eost.^® Improved methods for the preparation of brown vat dyes from 
glyoxylidene-bis-anthrone or its halogen derivatives consist in heating 
with an organic acid halide or anhydride, an acid and an oxidizing agent, 
such as a mixture of acetic anhydride, sulfuric innd and nitiobenzene 
Condensation of phthalic anhydride with 1 ..VdihydroxMuiplithalene 
leads to 7,lo-dihydroxyhexacene-.'), I(h8,13-diquin()ne, a blue dye lor 
cotton. The dibenzanthraqiiinonyl (VII) (‘an* be cyclized to a 



O 

II 



dibenzoylcneanthanthrene (VIll), which dyes \iolet shades on (‘otton, 
the halogen derivatives being bluer.*®’ 

The broun vat dye (IX) is a peryleiie-3,10-(iuinone, obtained b> 
cyclization of l-/9-iiaphthoxyanthraquinone and oxidation of the piod- 
uct.**® A series of vat dyes, the .structures of which are largeh 
undetermined, have been prepared by Friedel-Oafts reactions on pyrene, 
perylcne, and other complex hydrocarbons, ('oronenc yields \al 
dyes by condensation with one to three moles of phthalic anhydride in 
o-dichlorobenzene solution, and subsequent cyclization with acids.'®' 

i‘»ICI, BP 551,662. 

Clar and du Pont, USP 2,210,396, Clar, Ber 72, 1817 (1939), 

IG, BP 386,411. 

aar and du Pont, USP 2,179,920. 

IG, BP 518,332. 


l,fi-HBTEROCyCLlC DERrYAWKS OF AKtRttONK; FLAVAN'I'H RONES 08? 

C Condensation of pyrene with at least two moles of phthalic anhydride or 
other o-dicarboxylic anhydride yields reddish-yellow vat dyes.^®* The 
reaction may be carried out in stages/®* and pyrene has been condensed 
with acid chlorides to obtain di- or polyaroylpyrenes which include orange 
vat dyes.^®^ Yellow-brown vat dyes have been obtained by fusing 
iotrabenzoylpyrene with potash in quinoline.^®* When pcrylene or one 
of its halogen derivatives containing at least one free peri position in each 
naphthalene residue is condensed with an aromatic o-dicarboxylic 
anhydride in presence of alkali-aluminum halides, fast red-brown vat 
dyes are produced.^®® If a large excess of the anhj'dride is used in this 
reaction the products arc violet in shade. ^®^ Fluoranthene has been 
condensed with phthalic anhydride under conditions in which at least 
2^ 2 moles of tlie latter enter into the reaction, and the prod\ict is a fast 
yellow vat dye.*®’* Pyrene and chrysene have found application in the 
production of vat dyes in another manner. Ilalogenated pyrenequinones 
are condensed with compounds such as primary and secondary amines to 
obtain olive, brown, green, blue or violet vat dyes.*®'^ Ilalogenated 
o-chrysenequinones similarly yield brown, red-brown, bordeaux, corinth, 
and gray dyes,*^® which may be modified by treatment uith cyclizing 
agents, yielding olive and brown vat dyes.*'^ 

I,9-I1eterocy(7.ic Derivatives of Anthrone 
Flavantiirones 

Bohn (1901) noticed that when the temperature of fusion of /^-amino- 
anthraquinone with caustic potash to produce indanthrone was raised to 
300“ 350°, the shades became greener and a yellow dye could be isolated, 
in addition to the blue indanthrone. It was then found that a technically 
feasible process for the preparation of the yellow dye, although the yield 
was less than 30%, was to heat the amine with antimony pentachloride 
in nitrobenzene solution,”’^ and it was marketed under the name of 
Flavanthrene (later, Indanthrone Yellow G; CT 1118), simultaneously 

Ciba, BP 466,968. 

Ciba, BP 469,638. 

Ciba, BP 459,333. 

Scholl and Meyer, Ciba BP Appl. 19,862 

IG, DIIP Anm. J. 51,273. 

IG, DRP Anm. J. 51,966. 

Ciba, BP 468,648. St'e also Ref. 19. 

Ciba, BP 447,890. 

IG, BP 451,875. See also Ref. 20. 

IG, DRP Anm. J. 50,915. 

BASF, DRP 138,119. Titanium tetrachloride at 100-175® gives fiavanthrone in 
excellent yield; American Cyanninid, USP 2,468,590. 



CHART 8 

SYNTHESt.*. <>P FlaVANTHBONE 



o* 




1,9-heterocyclic derivatives of anthrone; flavanthrones 989 


with Indanthrene Blue. As for indanthrone, flavanthrorie is to be pre- 
ferred to flavanthrciie as a chemical name. The probable mechanism of 
the reaction involves two stages: the oxidation of /3-amiiioanthraquinone 
to the diaminodianthraquinonyl (I) and dehydration of (I) to flavan- 
throne (see (/hart 8).'’® The first stage of the self-condensation of 
/3-aminoanthra(piinone, however, might conceivably be the formation of 
the bis-ketimine (III). Starting from 2-methylanthraquinone and pro- 
ceeding through tlie indicated stages, Scholl was able to demonstrate the 
constitution of fiavanihrone by a synthesis in which the formation of a 
l,l'-dianthraquinon 3 d derivative definiteh" preceded the c^'clization to 
the dye. In the course of this work, Scholl found that alkali fusion of 
(II) gave a new orange (h’e, pyranthrone. The constitution of flavan- 
thronc has been further confirmed by rilmann’s method for its produc- 
tion/’^ of which the present IG ])rocess is a modification. In the Ullmann 
synthesis l-chloro-2-aminoanthra(|uinone is converted into the Schiff's 
base (IV), which on healing with copper yields tlu* dianthraquinonjd (V); 
the action of sulfuric jicid then yields flavanthrorie by h^’^drolysis and 
cvelization. In (his manner derivatives of flavanthrone (e.g. a dimethoxy 
compound which is a red dye) can also be prepared. In the IG 
process‘d l-chlor()-2-aminoan1hraquinone (210 kg.) is heated with 



II 

(VII) O 


phthalic anhydride (132) and sublimed ferric chloride (4.4) in trichloro- 
benzene (170) at 2lo 230®. Water and solvent distil over, aided by a 
current of nitrogen, and w'hen the distillate is about 100 kg. the residue 
is heated at 230° for 5 hours. The phthalimide (\T) thus formed is not 
isolated, and is converted directly into the dianthraiiuinonyl (VII). 
After removing winter completel^y by adding and distilling off more 

"•Scholl, Ber. 40 , 1691 (1907): 41 , 2304 (1908); 43 , 1740 (1910); Schwenk, Chem. 
Ztg, 62, 45, 62 (1928). Sec also Chapter XXXI under indanthrone. 

Ullmann, DRP 248,999. 

10. DRP 456,584. 

Wawiasky a/., IG, DRP 558,474; 560,237. 
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trichlorobenzene, copper powder (80 kg.) is added, and the mixture is 
refluxed for several hours. On cooling to 130® by adding fresh trichloro- 
benzene, the product is filtered in a pressure filter and washed with hot 
trichlorobenzene. The product (VII) contains copper, which is removed 
by heating at 90® for 3 hours with water (1000 kg.), 30% hydrochloric 
acid (420) and sodium chlorate (33). The residue, filter-pressed and 
washed, is hydrolyzed to (I) and cyclized to flavanthrone in one process 
by boiling with water (3500) and 40®Be caustic soda solution (020) for 
6 hours. 

The normal alkaline hydrosulfite vat of flavanthrone is blue in coloi 
This profound color change of yellow to blue is utilized in testing for thc‘ 
presence of an excess of reducing agent in vat dyeing and other processes 
involving alkaline reduction; vat paper used for this purpose is filler 
paper dyed yellow with flavanthrone. More drastic reduction of 
flavanthrone gives a brown vat, which undergoes reoxidation very 
readily, and the constitution of the blue and brown reduet ioi! prodinds 
has been debated. ScholB’^ has shown that the reduction can bo carried 
out in several stages, the alkali salts of the dihydro, tetrahydro, and 
hexahydro derivatives being formed successively. Since the dihydro 
compound formed a disodium salt, but only a monobeiizoyl derivali\e, 
Scholl assigned the structure (VIII) to the blue vat The tenilency »)1 
flavanthrone and its derivatives to form stable hydrates supported the 


OXa OH 



(X) OH (XI) O 

Scholl, Her. 40 , 933 (1907); 41 , 2301 (1908); Scholl and Neovina, ihid. 2534; Scholl 
and Edlbacher, ibid. 44 , 1727 (1911). 
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suggested coordination of a mole of sodium hydroxide. "J'hc leuco acid 
monohydrate (IX) separates as bluish green flocks on the addition of 
acetic acid; the mole of water is lost only on heating at 150 170°. The 
change in shade from yellow to green produced })y the action of strong 
sunlight on cotton dyeci with flavanthrone is probably due to the forma- 
tion of the leuco acid (IX). The basicity of the unreduced pyridine ring 
in (IX) enables it to form a hydrochloride. Reduction of flavanthrone 
with zinc dust and caustic soda at 70 80° in an atmosphere of hydrogen 
gives a-tetrahydroflavanthrone (X) which is dark grecuiish blue in color, 
together with a little of the a-hexahydro derivative. Phosphorus and 
hydriodic acid at 14(h-190° convert fla\anthrone into /^-tetrahydro- 
flavanthrone (XI), a green substance, \\hich turiih into a red enolic 
modification on treatment with alkalis, jtf-llexahydroflavanthrone 
(XII) is obtained as an unstable yellow solution fiom (XI), caustic soda 
and zinc dust Hy the prolonged action of red phosphorus and livdriodic 



acid on flavanthrone at 210° flavanthnne hydrate iXIlI) is produced; 
flavanthrone is regenerated from (XIII) In oxulation in concentrated 
sulfuric acid. Reduction of flavanthrone with caustic soda solution and 
zinc dust, until the blue vat changes in color to green, brown and finally 
red with a brown precipitate, leads on acidihcation with acetic acid to the 
monohydrate of a-hexaliydroflavanthrone (XI\") as a black-blue powder. 
Vt 300° in carbon dioxide the hydrate forms anhydrous (XIV), and sub- 
'^equently flavanthrinol (XV). Oxidation regenerates flavanthrone 
from all these compounds. 
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Flavanthrone (Indanthrene, Caledon, Paradono, Carbanthrene, 
Ponsol Yellow G), which dyes orange-yellow shades from the blue vat, 
continues to be an important dye (partly because it is a nonteuderer and 
has good light fastness), although the fastness to alkali boil is poor (2) 
as a result of the reducibility of the dye by cellulose and boiling alkali 
and the dye is therefore not recommended for goods which are to he 
bleached after dyeing. The oxidation of the leuco compound to the 
parent dye takes place rather slowly, and treatment with a A^eak solution 
of dichromate and sulfuric acid or with perborate is recommended, 
particularly in machine dyeing. By the inlrodiiction of halogen in tlu 
3,3'-positions the fastness is improved, but the shades are redder and less 
attractive. The dibromo compound \vas formerly marketed as Indan- 
threne Yellow R (ST 1242). Alizanthrene Orange (British Alizarin 
Co.; Cl 1119), no longer marketed, was dibromoflavanthrone prepared 
by the action of antimony pentachloride in nitrolxMizene on 2-amino-3- 
bromoanthraqui none. 


COOH 



An interesting synthesis of flavanthrone staits from 2,2'-diamin() 
diphenyl (XVI) and proceeds through the 4,9-diazapyrene (leri\ati\e 
(XVH) ® Another synthesis is b> the action of coiipei on l-(‘hloro- 


O 


II 



Flavanthrone 


IG, BP 431,790. 
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arithraquiiiorie-9-oximo (XVIII), and subHequont cyclization of the 
dianthraquinonyl (XIX).'’® 

P Y R A Z OLANTII RO N ES 

l-Anlhra(iuin()iiylhydrazinc cyclizos readily to pyrazolan throne 
tl)/**® and alkali fusion of (I) results in the union of two molecules and 
the formation of a dye, Pyrazolanthrone Yellow (see Chart 9) (Cl 1122), 
which is now obsolete;'**' the fastne.ss to alkali is poor because of the two 
acidic hydrogen atoms. Alternative structures fe.g., IIA and III) were 
at one time suggested for Pyrazolanthrone Yellow* and its derivatives, 
but it has now been shown that the dimerization of pyrazolanthrone 
merely consists in the formation of a diaryl linkage in the 2,2'-positions 
of the an throne residues. This has been confirmed by a synthesis of 
Pyrazolanthrone Yellow* b}* the action of copper on an .V-acyl derivative 
of 3-bromo-l,9-pyrazolanllirone (II) which is obtained by diazotizing 
2-l)romo-l-aniinoanthraquinone, reducing to the hydrazine under condi- 
tions in w hich the halogen is not removed, and cyclizing to the pyrazole.'**® 

Rephn'f n cut of the acidic hyrlrogen atoms by ethyl groups in Pyrazol- 
anthrone Yellow' leads to more useful dyes, Crelanone Red 2B (GrE, 
1024) (Indanthrene Rubine R; see Chart 9) and Grelanone Scarlet G; 
the latter is probably the monoethyl <»ompound.'*‘® Indanthrene Rubine 
R has also been assigned the structure of an derivative 

of (IIA).^* 

Replacement of one or both of the alk\d groups of bis-A’'-alkylpyrazol- 
anthronyls by an alkoxyalkyl group such as ^-methoxy ethyl yields 
improved red vat dyes; the solubility of the leuco compounds and fastness 
to soaping are improved, while the shade may be \ellower.''*^ Bright 
red to bluish red dyes are obtained by introducing in the parent 1-hydra- 
zinoanthraquinone a metho.xyl group at 1 8, an aldehyde group at G or 7, 
or a 6-chlorine atom.'''^ 

Self-condensation of (II) by means of copper and potassium acetate 
If'ads to the complex polycyclic dye (III), which gives fast red shades 
from a blue vat.'''® The condensation of (I) with 3-bromobenzanthrone 
iii presence of potassium carbonate at 190-195° gives the benzanthronyl- 

lt», nUP Anin. J M,188; 44,995. 

Schnudt ami Payer, HKP 163, U7; 171,293. 

Ori:, DUP 255,611; 1(5, DRP 157,182: Mayer and Hoil, Her, 65 , 2155 (1922). 

buttringhnus ct al., USP 1,817,995. 

(IrE, DRP 359,139; IG, DRP 458,538. 

Ciba, HP 469,191; IG, HP Appl. 14,638,36. According to Ref. 76a, Cibanonc 

Red 2H, wrhicb is not in the current Cibanone shade card, is of this tjqw. 

Du Pont, USP 2,155,364; 2,155,309; 2,162,201; 2,162,205-6. 

IG, BP 285,555. 
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pyrazohin throne (IV), which on hcalinji, with alcoliolic pota&sium 
hydroxide at 90*-05° for a few hours cyclize^ 1<) Indanthrene Navy (or 
Marine) Blue 11 (Wilke, 1931). 

The introduction of an anthraquinonylamino group in Indanthrene 
Navy Blue It leads to a gray dye, Indanthrene (Iray M, which has 
excellent to all agencies. It is preiiared hy coiuhuising 3,9-di- 

hromobenzanthrone with one mole of pyrazolanthrone as for Indanthrene 
Navj" Blue It, and then with one mol(‘ of a-aininoanthraquinone in 
presence of copper chloride; the final stage is (*yclization to a pyrazole- 
acridine-carbazole by means of alcoholic potash. Indanthrene Gray MG 



is a purer brand of Gray M, prepared by using purihed dibromobenzan- 
throne.^" Indanthrene Navy Blue It and Gray M have light fastness 
8, chlorine fastness 4 5, and soda-boil fastness 3 4. 

Pyrazolanthrone and acridone <yclizations to form ^\T) occur simul- 
taneously wdien l-amino-o-anilinoanlhraquinone-J'-carboxvlic acid (V) 
IS diazotized in sulfuric acid, the isolated diazonium .sulfate reduced with 



(V) 


(VI) 
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sodium sulfite, and the hydrazine heated \\iih sulfuric acid.^^" 

Dyes derived from selenazolanthroiie (VII) have been deseribed.***® 

PyRIMID \ NTIIRONES 

Although 1,9-pyrimidanthrones, such as the fi-ammo derivati\(‘ 
(I), have been known for a long time,‘*® as well as the vat dv(Miig proper- 
ties of the benzoyl derivatives of (I) and the 8-isonier, vat <lyes of tins 
type were only included in the commercial range more recently (19IU), 
there are two representatives, Iiuhmthrene Yellow 4(iK and 7(iK.- 
The relevant patents appeared in 1932 3 1 Th(‘se dyes are reinarkabh* 
for two reasons. The pyrimidine ring system has th(‘ speeifir efiect 
imparting to the dyes the valuable property of not tendering eellulos(» 
when acted upon by light or by oxidizing agents a serious defc'ct r)f 



Indanthreno Yellim 7C1K Indanthrenc Yrllovi 4GK 


many of the yellow and orange dyes of the anthra(iuinone series.^'*- V'' 
vat dyes the pyrimidanthrones are unicpie in their possession of a single 
carbonyl group. As stated earlier,***'’ an anthrone deriv’^ative, such as 
benzanthrone or an amino- or benzamido-benzanthronc, does not hav(' 
vat dyeing propertie.s unless the molecule is doubled by appropriate 
methods of condensation, so that the compound contains a pair of 
carbonyl groups connected by a conjugate chain and forms a (piinonoicl 
system. The vattability of pyrimidanthrone is due to the increase in 

Stilmar and dn Pont, USP 2,270,354. 

'**L\ilek, and du Pont, USP 2,049,212 
»•» Bayer, DRP 220,314. 

‘•® Sunthankar, Pror. Indian Acad. Sn. 32A, 240 fl050). 

Kunz, Koberle, and lO, DRP 573,556; 633,207; BP 385,295. 

See also Chapter XL 

See Chapter XXX. 
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acid strength of dihj'dropynniidunthrone by the resonance stabilization 
of the anion as indicated in strurtiires (IIA) and Pyriraid- 

anthrone therefore forms an alkali-sohible leneo deri\ativo on reduction, 
and when a benzamido group is present, the affinity of the leuco eom- 
pcjiind for cellulose becomes adequate for djeing puipo.ses 


CHART 10 

SYNTHtSLS OF PYRIMin WIHKONK'- 



X' It X 
0 
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C-Amiuopyrimidaiithrone (I) is prepared in 80% yield by heatuifj; 
1,4-diaminoanthraqiiinono (0.5 pari), 30% ammonia (1), 30% formalde- 
hyde (1) and budigol (sodium w-nitrobenzenesulfonatc; 0.375) in an 
autoclave at 88 92® for 15 hours.’ A nearly quantitative yield of the 
8-amino compound is obtained by heating l,5-diaminoanthraquinone-2- 
sulfonic acid (1.1 part) with formamide (5) and nitrobenzene (0.2) foi 
13 hours at 140 145®, and subsequent hydrolysis of the sulfonic group by 
means of hot alkaline hydrosulfite. In view of the remarkable property 
of the pyrimidine nucleus in rendering yellow and orange anthraquino- 
iioid vat dyes free from the danger of accelerating the action of light on 
cellulose, several routes to the pyrimidanthrones have been developed 
by IG (see Chart 10).® 

l-Amino-4 or 5-aroylamidoanthraquinones heated with cyanamide 
and hydrochloric acid yield 2-amino-O or 8-aroyhimidopyrimidanthron(‘s 



(e.g. Ill), which may be acylated to give yellow and jgrangc' dyes 
a-Aminoanthra(iuinones may be condensed with nitriles in presence of 
aluminum chloride to obtain 2-.su bstituted pyrimidine (lerivative.s (IV) **** 

Anthrimides, and the corresponding carbazoles by the usual cycliza- 
tion methods, can be prepared by condensing aminopyrimidanthrones 
with a-chloroaiithraquinones, or G- and 8-bromopyrimidanthrones wnth 
a-aminoanthraquinone.s. In the former ca.se, 8-aminopyrimidanthrone 
IS preferably employed, since the 0-isomer (I) reacts with halogenoaii- 
thraquinones only with difficulty. A serie.s of violet, blue, gray and 
black dyes can be prepared in this manner, and they are characterized 
by their high tinctorial power, excellent fastness to light and wet treat- 
ments, and suitability for printing. Thus the replacement of «-amino- 
anthraqUinone by 8-aminopyrimidanthrone in condensations leading to 
vat dyes (e.g., the preparation of Indanthrene Direct Black RB and 
Indanthrene Olive Green B) yields analogous dyes with considerably 
augmented color value and fa.stness;® by using simpler aliphatic or 

IG, DRP 666,474; Kuiiz, Koborle, and IG, DRP 695,097; 595,903; 633,564. 

IG, DRP Anm J. 46,782. 

IG, BP 415,069. 
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aromatic compounds, dyes for acetate silk or intermediates for acid wool 
dyes have been^obtained.***’* 




Some pyrimidanthrone fieri vat ives (c.g. Fluorol 242) exhibit a strong 
fluorescence and may be used for coloring pelroleum fractions and similar 
purposes. Lumogen L Red Orange is a pyrimidanthrone derivative 
useful as a luminescent dye.^ 

AnTHRVPYRIDONES AxTHRM’yrilMrOONES 

Anthrapyridones (I) and anthrapyrimidones (II), which are 10-an- 
throne derivatives with a pjTidone or p^Timidone ring fused in the 
1 ,9-positiona, do not possess vat dyeing properties unless anthraquinone- 
carboxylamido or anthrimide groups are present, and the anthrapyridone 
and anthrapyrimidone systems are more useful for the production of acid 
dyes Among the commcTcial vat dyes an example is Algol Red DTK 



(Algol Red B; ST r2()l, Cl 1155), which dyes pleasant rose shades, but 
is now obsolete; it is prepared by the indicated series of reactions. 

6-Amino-3-methylanthrapyridone (III), condensed with 6- and 
7-bromo-2-p-rhlorophenylanthraquinone, gives fast bluish red dyes.^®® 
Condensation products of (III) or of aminoanthrapyrimidones with an 
anthraquinone-2-carbo\yl chloride are yellowish to bluish-red dyes.*®® 
The anthrapyridone-acridone (IV) is a violet dye.’®®® 

IG, BP 407,363. 

“•See Chapter XXIX. Sec albo IG, DRP 621,155; 633.308; 655,650; 658,114; 
650,234. 

Wuertz, Rintelman, and du Pont, USP 2,204,741-2. 

IG, BP 354,043 

Lukin and Aronovich, J. dm Hum S S R ) 19. 358 (1^49) 
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MlS( KLLANROl S IlETLKOCYt LIC C\)\ri»<)l M)*- 

In extension of their work on yellow vat dyes eontaining pyndino and 
pyrimidine rings, IG have made u systematic investigation of the influence 
of the pyridine nucleus.in vat dj^es on color and dyeing properties ® 
The preparation of a large number of derivatives of azabenzanthrono 
(e.g. I) corresponding to known benzanthrone dyes^®“ has been described 
The products include violet, blue, oh\ ('-green and gray vat dyes 
Pyridinobenzanthrones of the type* (II) can be made from aminobenzan- 
thrones by the Skraup synthesis; (II) by potash fusion gives a blue \at 
dye. In dipyridinoanthanthrone (yellow) and -mcsoanthradianthronc 
(bluish red) the pyridine nuclei have little effect on shade. 

l',2'-Benz- and l'(*V),2'-pyridinopyrene, like pyrene its('lf, yield on 
oxidation a mixture of cis and Irans (piinones, and ultimately break d()\\ n 
to benzanthrone- and ll-azabenzanthrone-3,4-dicarboxyIic anhydrides 
respectively. The latter has been converted into orange imidazole (hc" 
and also decarboxylated to ll-azabenzan throne (I) ^ 

See also IG, BP 406,008; 407,194; DRP Anrn. J 51,855. 

IG, FP 753,828. 

IG, BP 444,812; 450,244 

IG, BP 349,059; 427,485; DRP Anin. J. 43,215; Anrn. I. 50,105 
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CIS, orangp-red irans, yellow 


The novol method by which flavauthrone was syiitliesizcd from 
2,2'-diarninodiphonyl has been applied to 0-phcnylcthylphthalimide 
(III), which gives, via l-o-carboxyphenyb^ocpunoliiie (IV), 1-azabenz- 
anthrorie (V). 



The sulfur analog (VI) of Indanthrene Olive Green B is readily 
obtained by heating 3-bcnzanthronyl 1-anthraquinonyl sulfide with 




O 


(VI) 


ID 
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methanolic caustic potash at about 130*^, and it dyes })lue-green shades 
of excellent fastness.*”® An interesting sulfur analog of naphthodian- 
throne is a very fast green dye, Vat Olive Green P409, made in the IG 
laboratories; its high cost prevented the addition of the dye to the selling 
range.* The dye may be purified by fractional preoipital ion from sulfurn 

O 
II 


Al, H,b04 


o o 

acid,*”® or brightened in shade and impio\ed in last ness hy halogena- 
tion.*®^ Nitration and leduction of this dye have also been described 
The amines may be acylated, condensed \Mth halogen den\atives, oi 
converted into pjndino compounds, yielding gieen to giay vat d>es 
A new type of anthraquinone vat dye has b<»en obtained by heating 





a-anthraquinonyl thioethers of the type (VII), where R is an acidic 
group such as carboxyl. The products (VIII) dye blue-green shades 
The fusion of two molecules of dibenzopyiene(|uinone to a thiophene 
or furan ring results in golden orange dyes *^” 


Scalera and American Cyaiiamid, USP 2,441,512 
IG, BP 469,969. 

IG, BP 457,055. 

IG, DRP Aiim J 55,165 
*®MG, DRP Anni J 48,615 
«« IG, DRP 741.735. 
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INDIGOID AND THIOINDIGOID DYES 


Indigo has beon known in India for many t-entunos, and the coloring 
power of the indigo plant lias been mentioned in Sanskrit literature of 
remote antuiuity. The dye w^as introduced into Kiirope from India soon 
after 1500 A.D., and until the early years of this centuiy when synthetic 
indigo achieved commercial success in comp(»tition with the natural 
product, indigo was one of the major commodities in the export trade of 
India. The ancient Romans and Egyptians had knowledge of indigo, 
and in Europe the w’oad plant (Isaitfi tincfona), which also yields indigo, 
was at one time largely cultivated.* There are several plants from which 
indigo can be isolated, but those used commercially belong to the genus 
Indigofcra, grown in India, China, and other tropical and subtropical 
legions. The coloring matter dot's not occur as such in the indigo plant, 
but as indican, the glucoside of indoxyl. When the plant is extracted 
with w^ater and the lujuor is allowed to fernu'nt, the glucoside is hydro- 
lyzed and indoxyl is then oxidized by means of air to indigo Natural 
iiidigo contains besides iridigotin, which is the essential tinctorial con- 
stituent, varying proportions of indirubin (an isomer of indigotin formed 
from indoxjd by a side reaction), indigo brown (an amorphous substance 
oi undetermined constitution, probably also deri\ed from indoxyl), 
gluten, the Ilavonol kaempferol (“indigo yellow ami mineral matter. 
The dyeing properties of natural and synthetic indigo are therefore not 
identical. Natural indigo has some advantages over pure indigo (indi- 
gotin), and attempts have been ma<le from lime to time to give the indigo 
plant a new' lease of life by better methods of cultivation, selection of 
plant strains with high indigotin content, impro\ed iirocesses for the 
isolation of the dye, standardization of the product with a guaranteed 
indigotin content, and utilization of the plant residues as a nitrogenous 
manure. 

Indigo and indigoid dyes are vat colors applicable to both cellulose 
luul protein fibers, but more important for the latter. Indigo itself has 
considerably better fastness on w'ool than it has on cotton. Synthetic 
indigo appeared on the market in 1897, and notwithstanding the discovery 

* lor an acrount of natural indigo, see Perkin mid Kverest, Tlie Natural Organic 

Colouring Matters, I^ongmans, London, lOlH. 
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of faster vat blues of the anthraqiiinone class, indigo has continued to 
hold its own. The importance attached to successful manufacture of 
synthetic indigo can be judged by the fact that HASP' alone are stated 
as having spent a million pounds on their experiments to develop tech- 
nically feasible processes. The annual pre-war consumption of indigo 
was estimated at 10 million pounds, u figure exceeded by not more than 
four or five other dyes. Research on the constitution and syntheses of 
indigo opened up a whole new field, and numerous analogous indigoid and 
thioindigoid dyes have been synthesized and made technically. Apart 
from indigo itself, the thioindigoids constitute a much more important 
series than the indigoids, finding wide application in wool dyeing and 
calico printing, and an extensive range of shades is available in the s(‘ries 
Recent reseandi on indigoid vat dyes of practical valiH' has been almost 
entirely restricted to compounds containing sulfur in both halves of the 
dye molecule (the true thioindigoids) or in one lialf , the latter type pro- 
vides larger scope for synthesis, but the true thioindigoids are far moie 
valuable as dyes. Since indigo is reddish blue, the color variat ions ^\ hn li 
it is possible to obtain by substitution are limited; thioindigo on the 
other hand is red, and a variety of shades (*an be iiroduced by suitabh* 
substitution. 

Synthetic indigo, in the course of its technical development, has had 
wider repercussions on the chemical industry as a whole than any other 
single dye; examples arc the oxidation of naphthalene to jihthalic anhy- 
dride, first by means of sulfuric acid and later hy catal\T‘i(‘ oxidation, the 
production of cheap chlorine by electrolysis of salt, and the preparation 
of formaldehyde-sulfoxylate. 

Classification and nomenclature of indigoid and thioindigoid dyes. 

The coloring matters of this group*”* contain the (‘ommon chromophoin 
chain — CO"C=(> CO- and they are derived from indole (I) or thio- 
II 

naphthene (II). Two units are linked together to form a dye molecule: 
the dyes are regarded as symmetrical or unsymmetrical according as the 

Cep Cq 

(I) ” (II) 

linkage is in the 2,2'- or 2,3'-positioiis. In the system of nomenclature 
proposed by Jacobson (1906) and Friedlandcr (1908), indigoid and 

* Thorpe and Ingold, Vat Colours, Ix)ngman8, London, 1923. 

* Rodd in Thorpe’s Dictionary of Applied Chemistry, Vol. VI, 4th od., Longinann, 

London. 

* Martinet, Matiercs Colorantes des Indigoidcs, Baillicre, 1934. 
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(j) 2f 2'-Derivative8 of indole 
and thionaphthene 


(a) 2, 2'>&iaIndoIeindigoi5 


0)) 2-Indolc-2'-thio- 
naphthene-indiRos 


(c) 2, 2'-bi4Thionaphtheiie-indiKos 


II) 2, 3'-Den\alj\e’^ of indole and 
thionaphthene 


(a) 2 3'-6ij»Indole'mdigos 


(b) 2-Thionaphthene-3 - 
mdole-indigos 


P.xaniple 



(HI) Dyes in A\hirh indoxvl, 
thioindox>l or isatin 
IS condensed v\ ith a 
suitable component 



Indigo (Indigotin) 


( iba Violet A 


Thioindigo 


Indiruhin 


Thioindigo 
Scarlet R 


('iba Scarlet (J 
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thioindigoid dyes are named by mentioning the two halves of the molecule 
and the points of linkage, and adding the word indigo. Thus indigo is 
2,2'-bisindolo-indigo ; t hioindigo is 2,2'-bisthionaphthene-indigo ; and 
Thioindigo Scarlet R is 2-thionaphthene-3'-indole-indigo. 

Following Bohn’s classification® in a slightly modified form, indi- 
goid and thioindigoid dyes may he divided into three large groups. 
3,3'-Indole-iiidigo (isoindigo) and similarly constituted compounds 
derived from thionaphthene have been described, but they are valueless 
as dyes. Thus phthalonitrile is quantitatively converted by hydrogen 
sulfide in alcoholic ammonia to the purplish black dilhio-/3-isoindigo, 
which behaves as a tautomeric compouiul with the reactions of a diimine 


HSC \;==C^ ^CSH 





and a dithiol and forma intensely colored compounds with inetaLs.^ 
The condensation is applicable to other o-dinitril(N. Two other lyi)es 
of dyes, which are indigoid in character in the sense of their containing 
the —CO— C=C— CO- chain, may be mentioned, although thev are not 
I I 

derived from indole or thionaphthene. Kussig^ oxidized *l-rneth()\y-l- 
naphthol by means of ferric chloride to the blue dycWiitl (III), which 



dyed as a vat color; the oxidation may be carric^d out on the fiber, and 
fur can be dyed in this manner in fast blue shades.® The s(»cond type 
Pyrazole Blue which also dyes like indigo.** 

Commercial names. KI have retained the name Indigo with suitable 
suffixes for indigotin and its halogenated derivatives. The thioindigoid 
dyes are grouped under different names in accordance with their dyeing 
and fastness properties. The few' members of the series which have high 

® Ber. 48 , 992 (1910). 

• Drew and Kelly, JCS 625, 630, 637 ( 1941 ), 

^ J. prakt Chem, (ii) 62 , 30 (1900). 

• IG, BP 407,066. 

• Knorr, Ann. 288 , 137 (1887). 
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all-rouiid fastness and are useful for cotton are included in the Indan- 
threne range; those with lower all-round fastjiess are among the Algol 
colors; dyes particularly valuable for eali(‘o printing are specified as 
Indanthrene Printing colors. The Helindoiic range, with few exceptions 
such as Yellow 3GN and Prown 3GX which are anihraquinonoids, com- 
prises indigoid and thioiiidigoid dyes; these are primarily wool colors, 
but in printing they give fast bright prints on cotton and are largely used 
in calico printing. However, the Ilelindones suitable for calico printing 
have now^ been mostly included in the Indanthrene Printing cla.ss. ICI 
group the indigoids and thioindigoids as Durindones; ('iba as Giba dyes; 
du Por»t among Sulfanthrenes; Galco among Galcosols; and NAG as 
\'at dyes. 

NDOLE-I N DIOOS 

Indigo (Cl 1177), isolated from the plant or prepared s3nithetically, 
forms a dark blue, lustrous powder. It sublimes without decomposi- 
tion, and crystallizes from nitrolienzene, aniline and other high boiling 
organic solvents in glistening, deep blue, rhombic prisms (m.p. 390-392®, 
(lecomp,), wdiich exhibit a coppeiy reflex on rubbing. A particularly 
good solvent for crystallizing indigo is phthalic anlydride. It is insolu- 
ble in alkalis and dilute acids. On reduction with alkaline reducing 
ag<‘nts it forms a pale \'ellow' solution, wdiich possesses allinity for both 
cellulose and protein fibers. The leuco compound (Indigo White) is 
readily’' oxidized hi solution hy air to the parent dj^e; but Indigo White 
can be isolated and ciystallized in colorless leaflets. The determination 
of t}u» constitution of indigo, due to Haejw, i.N one of the clas.sics of 
organic chemistry, and the story lias been told iii many books. Some of 
the reactions on which HaeyerV constitution was are outlined in 

Ghart 1. 

Among the degradation products of indigo, indoxjd (bright \'ellow' 
prisms, m.p. So®) is of special interest; it occurs as its gliicoside, indican, 


InHioan 




Urine indican 


in the indigo plant, and iiidoxyl in alkaline solution is easily and iiuanti- 
tatively converted into indigo air oxidation. Syntheses of indigo 
therefore invariably proceed through inJoxyl. The enolic character of 
indoxyl, which reacts in two tautomeric forms, is showm by its ready 
solubility in aqueous alkali and the red color it gives with ferric chloride 
hi alcoholic solution. “I'rine indican,” isolated from the urine of 
nnammala, is potassium indoxyl sulfate, and it results from the putrefac- 
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CHART 1 

Constitution op Indioo 



Oxindolp Indolo 


tivc loimutioii ol mdole trorn tryptophane; indole oxidizes to indoxyl in 
the liver, and indoxyl eonjuf 2 ;ate.s uith sulfurie acid. Uiine indiean i^ 
estimated by oxidation to indigo with feirii* chloride. 

Engler and Emmerling (1870) prepared indigo synthetically ni 
minute (luantities by distilling o-nitroacetophenone with zinc dust and 
soda-lime, and Neucki (1876) by the oxidation of indole. Baeyer 
achieved several syntheses of indigo (eg., by the reduction of isatin 
chloride) prior to his complete elucidation of its structure in 1883. The 
first real synthesis (1880) started with o-nitrocinnamic acid, converted 
via the dibromide into o-nitrophenylpropiolic acid, which gave indige 
by alkaline reduction. The second method (Chart 2), still of intciest 
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CilAllT 2 

Haeykh'k Syntheses ok Indigo 

KIIOM 0-NlTKOIIK\Z\LnBlfYDE AND O-XfTKOtTXNAMK' AfJID 

L^NO, "" k^NO, k^NO, 


o-Niir<)l)onzal(l<'hvdc‘ 


- HjOy J'J NmOH 



\ 


1 

IndiK^) 

1 " 

lnd<>\>l 


H2O 

(-AfOHj 




0 

Q^>-..-coon. 

H 

Sodium indowlatc* 



C-C ~COOH 

o-Nitrophoiivlpropiolio and 
[.ilo KOll 


CJlBr— CHBr— coon 
NO2 


i<| N lOll, kIiii iivo. ]>ii|1 


Hi- 



I 

I CII:- COOXa 

^^X02 



^CH*=C1I— COOH 

Jno, 

i>-Xitrocmnamic acid 


as a tost for o-nitroiil<lohy(les/‘^ was used for a short time in indiistiy. 
Ovt‘r thirty syntheses have since been dcv'cloped, of which however only 
Iwo are used in technical practice. 

l‘"or a study of the mechnnisin of this reaction and the iniluonco of substitiicnta, see 
Tannscscu and CioorKoscu, Hull, soc. chim, 61, 234 (1932); Hink(*h Ayliiig, and 
Morgan, JCH 085 (1932). 
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The Baeyer formula for indigo is firmly based on degradaiive and 
synthetiral evidence. The conjugated system, resembling the p-qui- 
nones, accounts for the behavior of both the indigoids and suitably sub- 
stituted anthra([uiiume derivatives as vat dyes, which undergo reduction 
to an alkali-soluble leuco compound and ready reoxidation. However, 
further elaboration of the classical formula is required for explaining 
some of the properties of indigo, such as its high melting point, stability, 
the purple-red color in the vapor phase and in nonpolar solvents (e.g 
paraffin), and the blue color in polar solvents (e.g. aniline or phenol) in 
which it gives values for the molecular weight twice the calculated figuic 
Indigo has been shown^^ by X-ray spectrography to have the trans 
configuration (I); two stereoisomers of indigo have been identified, but 
the CIS form reverts spontaneously to the trans isomer in a few hours even 
in the solid state Indigo leacts with oxalyl chloride in boiling nitro- 
benzene (and also at room tempcratiue) to form oxiilylindigo, which 
must be deriv’ed from cis-indigo Indigo fn^shly prepaied by oxidation 
of the vat is more soluble in solvents such as dioxane, and is tlicM’otoK 
the cis form.'® Robinson has indicated a structural analogy betw^c'cn 
irans-indigo and Indanthrene Blue.*^ Kuhn has asso(*iated th(' tetin- 
polar structure (lA) with the trans configuiation and the color, I lit* 
aggregates in polar soh'ents are formed by two mok^cules onented along- 
side each other by the attraction of the opposite chaiges.'® Hydrogen 
bonding between the nitrogen and oxygen atoms in (IB) would explain 
the stability of indigo and the resistance of the keto mid imino groups 
to their characteristic reactions. With magnesium methyl iodide, how- 
ev’^er, two molecules of methane are evolved, showing the* presence of two 
active hydrogen atoms.'* The properties of the indigo molecule are bc^st 
explained by regarding it as a resonance hybrid of structures such a^ 
(I), (IB), (IC) and (TD).'^ The quadrupolar structuie (lA) must be 
less important. 

Reis and Srhneider, Z. Krtst, 68, 543 (1928). 

« Heller, Ber, 72, 1858 (1939). 

Friedlander and Sander, Ber. 67, 618 (1921), van Alphon, ibiti 72, 525 (1930) 

Soc, Diners Colounsis 37, 77 (1921). 

**K\ihn, Naiurwtssenschaften 20, 618 (1932). 

^•Kuhn and Machemcr, /kr. 61, 118 (1928) 

'^Cf. van Alpheii, Rec. trav chim 67, 911 (1938) Sec also Koott, J. Sor Diffrs 
Colournts 67, 302 (1951). 
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ludigo forms metallic doiivatives which arc of interchl in relation to 
(he metal phthaloeyanines. Kiinz has prepared the copper and iron 
derivatives.^^ The iron compound exhibits a remarkable similarity to 
hemoglobin, absorbing one molecule of oxygen for each atom of iron, 


0\al\ liiidigo 




and releasing it in a vacuum. Kuhn and Machemor have shown that 
copper-indigo has the structure (11), m which one copper atom is in 
combination with a nitrogen atom and a carbonyl oxygen of each of tw^o 
molecules of indigo in the (rims ctmhguration.*® 

Posner has determined the absorption spectra ot indigo, a series of its 
"’Ubstitution products, and Thioiudigo Red (Table 1).*“ All substituents, 
mcliiding those which produce a bathochromic ^hift in the wxave length of 
maximum absorption, have a marked hypochromic effect. Thioindigo 
absorbs at low'er w'ave length than indigo, but the intensity of the 
absorption is the same for the two dyes. 

liir. 66 , 3088 ( 1022 ). 

69 , 171)9 ( 1926 ) 
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TABLE I 

Absorption Maxima op Indigo and Its Dehivativks 


Substanci \max, A Relative intensity 


ln<ligo 

5910 

1 00 

VjA^'-Dietliylindipo 

0520 

0 31 

iV,iV'-Dibenzoylindig<> 

5750 

0 31 

iV,V'-Diacotylindigo 

5150 

0 35 

7,7'-Dimcthylindigo 

6010 

0 51 

A'-.Benzoyl-7,7'-thmethylimhgo 

5750 

0 31 

Indigo phfnylacetic Cbtor 

5550 

0 31 

Iiuhgo inn Ionic cstor 

5500 

0 31 

Thioindigo 

5100 

1 00 


There is a hypsochromic shift in passing from indigo (blue) to nidi- 
rubin (violet red), which is explicable when the resoiuinci* of the polar 
structures is considered (cf. IllA, B and C). In structures (IIIBj and 
(IIIC), as in structure (ID) for indigo, a benzene ring is o-quinonoid, so 


Indiruhin 

(III) 


(III13) 



that the contributions made by these structures can only be at the 
expense of the benzeiioid resonance. While a second st ructure equivalent 
to (IC), involving the polarization of the other CO ami Nil groups, can 
be written for indigo, only one structure (III A) of this typ(‘ is possible foi 
indirubin (IIIA and IIIB not being equivalent). As a result, the excited 
state for indirubin lepresents higher energy' in comparison with indigo, 
and indirubin absorbs at shorter wave length. These suggestions find 
further support when the brownish red color of isoindigo is considered 
Resonance structures such as (IV) can lead to deep color, but there arc 
two unfavorable factors. The contribution made by (IV) must be at 
the expense of the benzeiioid resonance of a benzene ring; and because 
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of the contiguity of liie keto and iinino groups in each half of the molecule, 
this resonance must also be at the expense of the amid(‘ n^sonance. Thus 
there is a marked decrease in absorption in comparison with indigo and 
indirubiu. 

Technical syntheses of indigo.-** The two methods discovered by 
lleuniann in 1800, consisting in the caustic potash fusion of the alkali 
salt of phenylglycinc (I) or its o-carboxylic acid (11) to form indoxyl 
whicli undergoes quantitative oxidation in alkaline solution to indigo 
have been used unt il recently. There have naturally been many improve- 
ments in the chemical and chemical engineering aspects of the processr‘s. 
Methods u y the preparation of (1) and (11) are illustrated in Chart 3. 
The plienylglyciiK* o-carboxylic acid method, which gave a better yield, 
received greater attention from llASF, who adopted the prt)cess and 
marketed synthetic indigo in 1807. Yields as high as 80^,7 be 
obtained by fusing (II) wuth 12 11) moles of potassium hydroxide at 2r0° 
for 10 minutes.-' It was later found by Pfleger (1001 ) that ecjually good 
results could be obtained from the cheaper pluuiylglycine, if sodamide is 
used for the fu.Mon, when the reaction procecals very .smoothly and in 
nearly (luaiititative yield: and indigo (MLB) was manufactured in this 
manner.-- A relatively low’ tcunperature (about 200®) is sufficient because 
of the low’ m.p. (loo®) of sodamide. Hazards in handliiig sodamide can 
be avoided by using metallic sodium and passing tlry ammonia into the 
reaction mixture.-** A mixture of caustic potash, caustic soda and 
sodamide is usually employed for the fusion of sodium phenylglycinate. 
The sodamide process is also applicable to phenylglycinc o-carboxylic 
acid. While the great increase in the proiluction of benzene by the 
general introduction of by-product coke-ovens has favored the success of 
the phenylglycune process, the o-carboxylic acid route found a stimulus 
in the cheap production of phthalic anhydride by the ('atalytic oxidation 
of naphthalene in the vapor phase. However, the phthalic anhydride 
route to indigo has now^ completely lost its comm(n*cial importance. 

Hi^nosey, J. Soc. Dyers Colourists 64, 105 (1938). 8cc also Holzach, Angeu\ Chem. 

60A, 200 (1948). 

Phillips, Ind. Eng. Chem. 13, 759 (1921). 

■‘*Gold- ami Rilber^achculc..\nat., HUP 137,955; 141.719; 1S0,;194. 
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CHART 3 

Syntheses of Indoxtl and Indigo 

uq IICHO 




In the 1(1 Ludw ip;Nhatou pioiesh lor pheiiylgl} aniline (KmO 
kg-)» 30% toimaldehydc (25(K)) and %\ater (2o00) in an autoclave, undei 
a carbon dioxide pressure of 3 utms., are tn^ated with a 30 .solution 
(3()00 1 ) of sodium cyanide at about 50®, and the mixture then heat(*d to 
90® for 30 minutes. On adding cold water (3500) and transferring to a 
separator, the upper layer of the nitrile (III) and aniline are seiiaiated 
and heated at 110® in an autoclave with caustic potash (735), caustic 
soda (525) and water (15000) for hours. Ammonia is then released 
at 100® during 3)^2 hours, and from the condensate aniline is recovered 
The alkali phenylglyoinate solution, which contains some unconverted 
aniline, is cooled, separated from the bicarbonate, and extracted with hot 
benzene by a counter-current process in a scries of towem. The aniline- 
free glycine solution i.s treated with carbon dioxide until weakly alkaluu’ 


»* BIOS 986 . 
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to plieiiolphthalein, HcmMird to romovr sodium carbonate, cvaporal(‘d 
to al)out 56^ in a vacuum evaporator, and finally dried down on a 
vacuum double drum dryer. 'I'his potassium-sodium salt of phenylgly- 
cinc is fused with sodamide and caustic alkali at 220° for 6 0 hours under 
j)ressure in the iiu'rt atmosphere provided by the liberated ammonia. 
The mixed alkali (KOIliNaOIl as 2.1j is al)out 4 times the weight of 
the glycine, and according to Henesej^ the best yield is obtained by 
using 2 moles sodamide for one of the glycine.-'' Fierz-David describes 
.-.oinew'hat diiTerent conditions of alkali proportions and temperature. 
'Hie fusion mass is hnally dis<*harged into ice and w’ater, and iiidoxyl 
oxidized to indigo by bUiwing in air, and the pres^ cake slurried with 
water, acidified, refiltered, washed and finally standardized. An over- 
all yield of has been claimed, when the reco\ cries are taken into 
account. During the fusion, about uf the phenylglycine undergoes 
decarboxylation to inoiiomethylaniline which partK breaks down further 
to aniline: during the oxidation some anthranilic acid is formed, and all 
tliese three by-products arc r(‘covcrable. Another by-product is (piin- 
(lolinc-l l-caibo\ylic acid (Flavindine;, formed by the conden.^ation of 
nidovyl with i.satiiiic acid.-^^ An important tact or in the economy of 
indigo manufacture is the recovery ot caustic* alkali 


coon 

1 


C’OOH 





- -’C 

XT O 




[''ill line acid 


1* luvimline 


Hctw’een It) 12 and It) 14 BASF mamifactur(*d large quantities of indigo 
hy a third method, the fusion of d-hydroxyethylaniline tIVj, obtained 
from aniline and ethylene chlorohydrin, with caustic alkali and (luicklime; 
indoxyl is formed with evolution of hydrogen. For many years 
synthetic indigo was a Clerman monopoly, hut after the first world war 
Cheat l^ritaiu and the Tnitod States stepped into the field. As a result 
the price of indigo went down ultimately to less than a dollar pcT pound 
on a 100% basis, and ICl jiroeeeded to develop continuous processes for 
mdigo manufacture with the object of lowering the cost of production, 
d^vo processes worked out by ICi at Ludwigshal\*n and Iloeohst have 
been described by Kern and Stenerson In the Ludwigshafen process, 
w'hich w^as operat(*d on a plant scale, aniline, 30 formaldehyde and 
Ififl/o hydrocyanic acid were condensed at 00° to form (111); this w'as 

Noolting and Stouor, fUr. 43, :\rA2 (1010) 

Eng. Neica 24, ;nGt (lOtfii. 
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hydrolyzed in two steps: at 60® to the amide and at 103® to sodium 
phenylglycinatc. Benzene extraction and the production of the solid 
glycinate (yield 94%) were carried out as already described. For the 
fusion to sodium indoxyl, sodamide and a molal mixture of potassium 
sodium hydroxide at 216® were used. In the Iloechst method, which did 
not go beyond the pilot plant stage, /^-hydroxyethylaniliue (IV) was 
made by condensing aniline (8 moles) with ethylene oxide (1) at 90®; (IV j 
and aniline were separated by fractional distillation, and (IV) was con- 
verted into the disodium salt (Ph~NIlNa -ClIaCIIijONa) in two steps* 
the monosodium salt by heating with potassium sodium hydroxide at 
200® and the di-.^alt by adding sodamide at the same temperature. I'hc 
di-salt was healed rapidly to 300® for dehydrogenation and cooled to 
235® for completing the cyclization to sodium indoxyl. An essential 
difference between the Ludwigshafen and Iloechst pror‘esses was that 
the latter required only one atom of metallic sodium as against two for the 
former. Although yields of 80-90% were claimed, the processes recpiin'd 
complicated equipment and critical operation, and apparcMitly could not 
compete with the batch procchs using phenylglycine. 

Indigo is marketed as grains (60%) and paste (20%'), and leucoindigo 
in forms suitable for wool dyeing and cotton dyeing. 

Analysis of indigo. Numerous methods have been proposed, since 
the problem of estimating indigo, particularly in natural indigo with lis 
complex constituents, presents many difficulties.* Seviual metlnxls, 
such as extraction A\ith a solvent (aniliiK*. phenol, mlrolienzeinq oi 
sublimation have beconv* obsolete, and the main general method now in 
use is to tetrasulphonate indigo and titrate the product with an oxidizing 
or reducing agent. The chief oxidizing agents, among many that ha\(' 
been suggested from time to time, are permanganate and ceric sullalc 
stoichiometrically related quantities are not consumed and the determina- 
tion is empirical. Further, special treatments are necessary for eliminat- 
ing errors due to the action of the oxidizing agents on the other consti- 
tuents. Among reducing agents, the most convenient to use is titanous 
chloride.^’ Sodium forraaldehydc-sulfoxylate has also been used.*^ The 
estimation of synthetic indigo is relatively simple, since the iinpurilic.'' 
of natural indigo are absent. An electrometric method for determining 
indigo, especially in reduced indigo preparations, has been described."'* 

**For details of the analysis of indigo in substance and on the fiber, see Green, Tlif 

Analysis of Dyestuffs, 3rd ed., Griffin, London, 1941. 

Knccht and Hibbort, New Reduction Methods in Volumetric Analysis, 2nd cd , 

Longmans, London, 1925. 

••Jones and Spuans, Ind. Eng. Chan. 8, 1001 (1916). 

••Strafford and Stuhbings, J. Roc. Chan. Ind. 57, .368 (19.38), 
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A colorimetric procedure is to oxidize the vat by hydrogen peroxide in 
presence of sodium protalbinate, when a blue colloidal solution is obtained 
which may be compared with a standard solution of indigo or a dyestuff 
of similar shade such ns Sirius Illue 

Derivatives of Indigo 

Indigo White (Cl 1178). The use of indigo in dyeing and printing 
has been facilitated by making it available in reduced condition, so that 
the vatting process is cut out. Several reduction iiroducts of indigo 
have been described, of which ono» Indigo While, is technically impor- 
tant. After reduction of indigo with alkali and hydrosultite, zinc or 
glucose. Indigo White may be precipitated by carbon dioxide or mineral 
acid. Being a dibasic acid, leucoindigo forni'^ mono- and disodiurn salt^^; 
the acid salt is more stable and it is therefore pieferable to prepare con- 
centrates of the acid salt. TO employ catalytic reduction in aciueous 
caustic soda with hydrogen in presence of nickel. Indigo production at 
Hoechst 400 tons per month of whhdi half was sold as Indigo White, 
rhc (‘atalyst was prepared by reduction of nickel carbonate mounted 
on Fuller\s earth. Indigo reduction was carried out in a horizontal 
boiler, jaekoted for steam, using 20^^; indigo paste, caustic soda, the 
catalyst and hydrogen. The leuco solution was siphoned off from the 
catalyst, and the procedure then varied according as wh(‘th(T the product 
was to be marketed in the form of paste or graiii'^. For paste the leuco 
compound was precipitated from solution by carbon dioxide and tillered 
off. It was then mixed with molasses and ov'aporated at *50° in vacno to 
o0% Indigo White content and dried finally in a vacuum tray dryer. 
For grains the leuco solution containing about 17% vi Indigo White was 
mixed with raolasKS(\s, concentrated and dried. The addition of molasses 
w^as adjusted so as to obtain grains of 50 00 70 80% indigo content.®* 
Another method of preparing Indigo White is to condense indigo (1 
mole) with indoxyl (2 moles): CiellioOaXi; + L^CJItON — > 2 C 18 II 1 JD 2 X 2 
A further simplification of this procedure is to convert the indoxyl melt 
from phcnylglycine directly into Indigo White.®- 

Leucoindigo can be aeylated witli a(*id chlorides and can be converted 
into ethers by means of alkyl or aralkyl chlorides. If tlu' reagents eon- 
tain a sulfonic or other solubilizing group, the dye is then made water- 
soluble. This has found pra<*tieal application in textile printing in 
discharge styles. A white effect on indigo-dyed ground (*an be produced 

Ix)fic'hiu8, J. Soc. Dytrs Colounsta 65, 87 (lOIC.U 
" lilOS 1863. 

” Davidson, Luiiisdon, and Id. BV -117,862. 
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by printing with a mixture of a reducing agent and a quaternary ammo- 
nium salt, Leucotrope W (IG), a disulfonic acid of phenylbenzyldi- 
methylamraonium chloride. The dye in the printed portions th(Mi 
becomes removable by washing, since it is now soluble. 

Indigo and the halogenated indigos arc important in the form of the 
Indigosols or soluble sodium salts of the sulfuric esters of the leuco 
compounds,’^ 

Indigo disulfonic acid. Indigo is readily siilfoiuitod; e.g. with mono- 
hydrate or coucentrate<l sulfuric acid at a higher teinpeiaturt', Indigo 
C’armiiie (Indigo Extract; Cl 1180), the .),r)'-disulfonic acid, is formed. 
The sodium halt is a bright blue and rather fugitive* acid dye, which has 
now been superseded by the Patent Blues. Siilfunation of indigo is 
useful for bringing it into solution and estimating it by titration nitli 
permanganate. 

Halogenated derivatives of indigo are important, sinci* the> an* tahtei 
than indigo, partieularly to chlorine, and have greater affinity toi fibers 
Although it has been known for a long time that indigo can he chlonnated 
and bromiiiated, the technical value of the halogenation of indigo and 
other vat dyes wa.s only realized when practicable mellnxls ol intiodueing 
ehlorine and bromine atoms into theM' eomplex and difficultly soluble 
compounds became available. Engi (H)07) devised bromination in 
nitrobenzene .solution, anil other halogenation piocedures (e.g. in con- 
centrated sulfuric acid solution) have since* be(*u d(*veloped. 

The position of the halogen atoms in indigo has a profound influence 
on the color When they are para to the XH group fr),r)'-positioiis), the 



shade is brighter and a somewhat greener blue; substitution in the br- 
and 7,7'-positioiis also gives greener shades, as in Brilliant Indigo 4(» 
When the halogen atoms are para to the CO grouj) (r),6'-posilions), the* 
color is purple to amethyst. Substitution in the r),0'-positions cannot 
be effected by direct halogenation of indigo, and such derivatives cun 

»» See Chapter XXXIV. 

The synthesis of 5,6'- and 7,7'-difluoroindigo has been roportod recently; Hoe -ind 
Teague, JACS 71, 4010 (1049). 

** Kngi and Ciba, BP 5122; USP 856,087; 856,776. 
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only bo obtained by synthesis, stalling with the relevant intermediates. 
G,G'-Dibromoindigo is of historical interest, since Friedlander^® has 
demonstrated its identity with the purple of the ancients (Tyrian Purple), 
the tinctorial constituent of the glandular secretions of the mollusc, 
Mnrex brandansj found on the Mediterranean coast. From 12000 
molluvscs Friedlander was able to isolate 1.4 g of the dye. 

The chloro and chloro-bi omo derivatives of indigo, which give 
brighter shades than the parent dye, are marketed as llnlliant Indigos 
(BASF). The 5,7,o',7'-totrachloro (or mixed tn- and tetrachloro) 
derivative (1) of dehydroindigo can be prejiared by chlorination in glacial 
acetic acid in jiresence ot acetic anhydride and sodium acetate; subse- 
(jiient treatment ^vith aqueous cauMic soda and hydrosulfite at 8o° and 



Ik 



O 


Br 


Bnlltunl IndiK<> It* 


all oxidation of the vat gives the chlonnated indigo.*® This is mar- 
keted as Brilliant Indigo B (Cl 1190), at one time largely used for dyeing 
(otlon, wool and silk and lor calico printing. Brilliant Indigo 4G 
((JI 1189) is 4,4'-dichloro-r>,r)'-dibromoindigo; the dichloro indigo is 
prepared synthetically and then brominated.®’’ ®® 2-Chloro-G-mtro- 
benzaldehyde (200 kg.) and a(*etoiu* (400). cooled to are treated 

with l'/( caustic soda solution (1810). After stirring for o G hours, the 
mixture is discharged into 2^,^ caustn* soda solution (2300). More 1% 
caustic soda solution (1 100) is added and after 1 hours’ stirring, the for- 
mation of the dichloroindigo is complete The dye is filter-pressed and 
excess acetone recovered from the filtrate. Dibromination is then 
elTected by adding bromiiu' (120 kg ) to the dichloroindigo (200) in 
nielhyl hydrogen sulfate (GOO) and, after stirring for a few hours, leading 
111 I'lilorine (30) during IS 20 hours The mixture is poured into water 
and the dyestuff collected, purified by boiling with dilute caustic soda 
'solution, washed and standardized. 

42 , 765 (1909), 66 , 1655 (1922) 

'•BASF, 1)11 P 237,262 

BIOS 1482 . 

BASF, UUP 234,961 
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5-Bromoindigo (Indigo HR, IG) (cf. Cl 1182) and 5,5'-dibromoindigo 
(Indigo RB, IG) (cf. Cl 1183) can be made by brominating indigo in 
nitrobenzene, sulfuric acid, or methyl hydrogen sulfate; If} use the last. 
Other brands, e.g., Indigo MLB/R and Indigo BASF/R, are mixtures 
of the mono- and dibroino compounds containing iinbrominatcd indigo. 
Using the same solvents, raising the temperature and increasing the 
amount of bromine, three and lour atoms may be introduced in the 
5,7,5'- and 5,7,5',7'-positions. The tri- and tetrabromo compounds, 
Ciba Blue B (Cl 1183) and 2B (Cl 1181), are important vat dyes, which 
are bright and level dyeing, and have good fastness properties. Brilliant 
Indigo IB®^ (IG) is stated to be a mixture of tribromoindigo (1), tetra- 
bromoindigo (1) and monochlorotribromomdigo (1) The pentabromo 
compound, Ciba Blue G (Cl 1185), is prepared by bromiiuition in con- 
centrated or fuming sulfuric acid. On cotton, the brominated indigos 



O O 

Ciba Blue 2B ( iba Blur (1 


are specially valuable in printing. The ti,i)'-dianiino deruative oi 
Ciba Blue 2B, Ciba Brown R (Cl 1187), prepared by the bromination ot 
diaminoindigo, dyes cottpn a chocolate brown fast to light, but not to 
chlorine; being dischargeable by chlorate, it is used in calico printing 
Miscellaneous derivatives. Xitro derivatives of indigo can be pie- 
pared by direct nitration The corresponding amines can be ob- 
tained by reduction, or syntlietically from the appropriate aminated 
intermediates. 

On heating indigo with benzoyl chloride in nitrobenzene solution in 
presence of copper powder, a remarkable transformation takes place and 
the product is a useful yellow vat dye. Indigo Yellow 3(i (Ciba Yellow 3G) 
(Eiigi and Frohlich, 1910; Cl 1195).^® Unlike the normal indigoul 
dyes, but like the aiithraciumoiie vat dyes, it gives a reddish blue hydro- 
sulfite vat, and Hope* and Richter^^ have assigned the structure (II). 
Diesbach^^ prefers the constitution (III) for Indigo Yellow 3G. Three 

van Alphen, Rer. trnv. rhtm 67, 837 (1938), 

<®Ciba, BP 29,368, MLB, 217,151-5; 218,250; 257,457; Kngi, Chf^m. Zig, 38 , 199 
(1914). 

« JCS 2783 ( 1932 ); 1000 ( 1933 ). 

** Diesbach et aL, Ilelv Chim. Acta 23 , 469 (1940); and earlier papers. 
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llocoh^t Yellow R lloechst Yellow U 


compounds have been isolated from th(‘ products of the interaction 
ol indigo and benzoyl chloride. One is colorle*-s and formed by treat- 
ment of indigo uith boiling benzoyl chloride until tlie blue color disap- 
pears, or by tr(*atment of A\.V'-dibenzoylindigo with benzoyl chloride. 
It contains chlorine, which is replaced by hydroxyl on treatment with 
alkali, and this priKluct is a new dye, Hoechst Yellow K, to which the 
indicated structure has been assigned by J)ii*sbach. The action of con- 
centrated sulfuric acid converts Iloeckst Yellow R into Ihx'ch.sl Yi'llow U. 
The structures of these dj^es must be regardial as provisional, and further 
proof is nece.ssary. The action of phenylacetyl vhlonde on indigo in 
nitrobenzene does not givT a vat dye, but a brilliant pigment, C'iba Lake 
Red 15 (Cl 1194), which has excellent fa.stness to light. The action of 
benzoyl chloride on indirubin has also been studied.^* Pure indirubin 
gives a monobenzoyl derivative, wdiich has no active hydrogen; and 
technical indirubin, probably because of the catalytic a(‘tion of impurities, 
gi\es tetrabenzoylleucoindirubin. (Simplex compounds are foimed by 
turther action. 

Dii^sbarh e( «/., Helv. CImn. Acta 24, 158 (P'll); 26, 1809 (1943); 31, 724 (1948); 
82, 1214 (1919). 

Dicsbach (t al., Hvlv. Chirn. Acta 28, 690, 1387 For other interesting reac- 

tions of indigo and other indigoids, see Haller ami Cbiyot, Comp. rtnd. 144, 947 
(1907); Diesbach and Heppner, Hdv, Chnn drhi 32, 087 (1949); Puinmerer and 
Reuss, Ber. 80, 242 (19 47), and earlier papers. 
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The four possible imphthaloiie aiialof>s ol mdigo arc all known, and 
they have no piaetical interest; but tl\e dihromo derivative of bis-/^- 
naphthindoleindigo, Ciba Green Ci (Kngi, 1907 ; CT 1198), is a very blight 
green dye, used only in calico printing since it gives unlevel shades iw 
dyeing. The method of preparation of Ciba (ireen (J is interesting, being 
inapplicable to indigo itself; d-naphthylamine is condensed with oxalyl 
chloride to the o\amic acid which is cyclized to 2,1-naphthisatni by 
sulfuric acid, monobrominated, and converted into the dye by reduction 
of the a-chloiide. 

Indigoid coloring matteis for cellulose acetate may b(» prepared on 
the same prin(*iplcs as in the azo and anthra(iuinone seiies by introduction 
of alkanolamine groups and their esters 

ISATTX \N1) Tin01S\TIN 

Synthesis of isatin,*® Isutin (yellowish n'd prisms, *’in p. 203 2()r> ) 
w'as first obtained (Erdrnann, Laureut, ISll) by the oxidation ot indigo 
wdth chromic or nitric acid. It can be prepared in 90% yield ((‘alculatc d 
on the indigo consumed) by agitating a mixture of 20% indigo pasti' 
(100), sodium dichromate (13.5) and water (10) at 30°, and adding a 
solution of dichromate (13.5) and 91% nitiic acid (37) m water (30) 
during 3 4 hours. The temperature must b(‘ maintained below 35® 
After leaving overnight, the product is collected, washed, extracted with 
aqueous caustic soda, and filtered to recover unreacted indigo. A(*i(li(i- 
cation of the alkaline solution gives isatin, which may be purified by 
crystallization from water or glacial acetic acid.®"^ Isatin and indox\l 
react to form indirubin, and not indigo; but if isatiii-a-anil is used instead 
of isatin, indigo is obtained. Sandmeyer developed a synthesis of 
isatin-2-anil (isatin-a-anilide; m.p. 120°) and he also showed that the anil 
could be converted directly into indigo by reduction with ammonium 
sulfide in alcoholic solution. Although the method was more expensive* 

Dickey, McNally, and Eastman-Kodak, USP 2,397,928. 

The chemistry of isatin has been reviewed by Sumpter, Chetn, Rfvs, 34 , 39,3 (104 P 

Henesev, J Soc. Dyers Colourists 33 , 347 (1937). 
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than the Ileumann BynthcHOH so far as indigo was concerned, it was useful 
for making isatin itself and isatin derivatives, which arc important inter- 
mediates for the production of other indigoid and thioindigoid dyes. 
Sandmeycr’s original synthesis (1899) of isatin from aniline (Chart 4) 
and indigo from isatin involved a long series of reactions,^* and had the 
disadvantage of using hydrogen sulfide, an unpleasant and toxic gas, so 
that in spite of the good yields at every stage it was abandoned later 
(1919) in favor of a second and simpler synthesis of isatin, applicable to 
amines of the benzene .series, also discovered by Sandmeyer (Chart 4).^® 
When an aciueous .solution of e(|uimoleeular amounts of aniline hydro- 
chloride and chloral hydrate is boiled for a few minutes with h 3 '^dro\yl- 
aniine hydrochloride (about 3 moles), and cooled, isonitrosoacetanilide 
.''(‘parates in 90% 3 deld. When the dry product is dissolved in conccn- 
1 rated sulfuric acid, luxated at 80° for a few minutes, cooled and poured 
into ice, isatin is obtained in about 80^ yield. Substituted isatins 
such as (M*hloro-7-niethylisatin and fi-chloro-7-methox3’^-*l-meth3di.satin 
ai*(» conveniently prepared 1)3’ the chloral-hydroxylaminc method.®^ ICi 
llocchst employed a modilication of the original Sandmeyer method; 
tliphenyl cyanoformamidine was converted directh’ into isatin-2-anih 
instead of proceeding through the thioamide .stage.-* 

Lsatin^' dk^sulves readily in acpieous caustic soda solution on warming, 
and the lactam group opens with the foimation of the .sodium salt of 
isatinic acid, Isatin is also soluble in hot water, owing to the pi-eseiu*e 
of a carboryd in addition to the amide group The d-carl)onyl gi*oup 
e\hit)it.s the usual ketone react lon.s, and uiuhu'goes laede condensation 
with compounds containing reactive inetlndone groups The blue 
indophenine, which pi’ovides a .Muisitive color test lor thiophene ii\ 



Indophenine 


benzene, ha.s t he indicated slructui'c.'*- 1 ,2-1 )iketone properties are modi- 
fied by the implication of the a-carl>on 3 d in an amide .system. Ti’catment 
of i.satin wdth phosphorus pentachloi’ide re.sults in en ilization of the 


I’or ail account of tins process, soc Fierz-Davitl aiul lihuigcy, (^runrllcffcndo Opera- 
tionen dor Farhonohcniio, Titli od.. Springer, Wien, 19-13. p. 307 
Sandmeyer, Helv, Chim. Acta 2 , 237 (1919); Geigy, HP 128,122. 

Marvel and Iliers, OSCV 1. For the preparation of hydroxy lamine liydrochloride, 
aeo Semon, OSCV I. 

’‘Heller, t)bor Isatin, Isatyd, Dioxindol, und Indophenin. Knke, Stuttgart, 1931. 
'‘Steinkopf and Hanako, Ann, 641 , 238 (1939) 
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c— NHPh 


Diphenylthiourea 

(Thiocarbanilide) 


CHART 4 

8andmey£r Syntheses op Lsativ 

1 CSf, S, Leoiui SB, 40-4.Y, 10 hn 

2 D»til off C8t. filter 


Onh. 


90-92% 


1 White lead, aq soap 

soln , NaCN. NaOH, 10-12*. 24 hrs 

2 10% aq FeSOt, filter 


CCljCHO, NH,OH 

1 NOII 

’ II 

a:> 

H 

Isonitrosoacetanilide 


N .NH, 

a c C ~S 

H H 


H 

N, N'-Diphenylcyano- 
fonnamidine 


1 CsHfCls, AlCli, gaarous 
HCl, 20-25*, 3 hra 

2 HCl, bnne,10-15*, 2hr<i 

3 Vacuum distil r]H 4 Cls, filter 


C=NPh,HCl 
H 


H,SO, 


aq. NajCOa 


H 


C=NPh 


(-HfO) 


conr 


a 


Nil 

il 


/ 

Isatm-^-inndr 


.CO 


(-NH,) 


Dilute 


,CC) 

11 


CO 


Warm dll HCl 


Isatin-a-aml 


a-carbonyl and the formation of isatin chloride (see (^hart 1), wlncli 
condenses with indoxyl or thioindoxyl to 2,2'-indigos. 

By adding bromine (153) and chlorine (42) successively to isiitin 
(225) in dilute hydrochloric acid, maintaining the temperature below 17"', 
5-bromoisatin is obtained in 95% yield.*® Dibromination can be effect cd 
in concentrated sulfuric acid, raising the temperature gradually frt>«i 
—8 to 60®.®® 5,7-Dibromoisatin crystallizes from alcohol in orange-nd 


‘•mriSlS II. 
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needles, m.p. 248-250®. 5,7-Dichloroisatin is produced in about 80% 
yield by chlorination in glacial acetic acid solution at 80®. 

Thioisatin. The sulfur analog of isatin, thionaphtheuc-2,3-quinone 
(thioisatin), is prepared from thioindoxyl by hrominalion and hydrolysis, 
'fhc dibromo compound can also be ciniverted into the 2-anil by treat- 
ment with aniline. These sulfur compounds behave similarly to isatin 
iiiid its 2-anil; thioisatin condenses with indoxyl or thioindoxyl to form 



the unsymmetrieal or indiiubin type ot dye, while the 2-anil and the 
2-chloride form the symmetrical or indigo type. It has been stated that 
with acenaphthenone and a few other compounds thioisatin itself con- 
denses in (he 2-position.''* Mann (t al. have shown that the (‘ondensa- 
tion of thioindoxyls wdlh the a- or the /i-carbonyl group of thioisatin is 
mainly determined by the position of the substituents in the quinoiie 
molecule and is unaiTeeted by substitution in the thioindoxyl component; 
indoxyl, on tlie other hand, always gives the /^-condensation product. 
rnsyinmetrical or 2,8'-(lerivativos of thionaphthene, made by condensing 
thioisatin with suitable intermediates containing a remtice methylene 
group, have been mentioned in the patent literature, bm apparently no 
dye of this type has been exploited commercially. 

Xaphththioisatins (e.g. I) can be prepared by condensing a t hi onaph- 
thol with oxalyl chloride' ; the intermediate (II) cyclizes smoothly to 
the thiophene derivative.®* 


O 

II 



(II) W 


DHP 226,244. 

404 ( 1942 ); 898, 910 ( 1946 ). 
^ »l>a, BP 214,864. 
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A convenient route to Ihionaphthoneciuinone-anils is to condenbe 
thioindoxyl and its derivatives with aromatic nitroso-compounds, and 
the method has found practical application in the preparation of thiu- 
Indigoid dyes from the thionaphtheneciuinone-anils as the intermediaics 
Thus thioindoxyl and p-nilrosodimethylaniline react readily to foiin 
(III).'*’ Such anils themselves have been used as cellulose acetate dves,*’’ 




when ()-methyl- or d-et hoxy thioindoxyl is condensed with p-nitioso- 
phenol, the anil (IVj and its O-metl^d ether arc both y(»llow* dye‘- loi 
cellulose acetate 


Me 

(EtO^ 





Selenium analogs ol thioindoxyl and thioindigoid (l>es lia\(* Ihhh 
described; selenoindoxyl is prepaicd by cyclizing plienylschMioglycollu 
acid o-carboxyhc acid with acetic anhydride. 

Thioindoxyl and Its Dekivatives 

The preparation of thioindoxyl is mentioned later as the internu'dinlc 
for Thioindigo; but it is desirable at this stage to oullnio the methods ol 
preparation of thioindoxyl derivatives, since these are important inliM- 
mediates for the coloring matters to be described later. '^Fliere aic two 
main routes to thioindoxyls, as for indoxyls: cyclization of (1) aryltlno- 
glycollic acids; and (2) arylthioglycollic acid o-carbo\ylic acids Wlulc 
phenylthiogly(‘ollic acid does not give a good yield of thioindoxyl, sul>- 
stituted thioindoxyls can be conveniently prepared by tills inelhod 
Thus, 5,0,7-trichlorolhioincloxyl is prepared from l,2,8-triehlorol)enz(a‘ 
as shown in Chart 5. The thiophonols, required for eon version into 
arylthioglycollic acids, can also be prepared by diazotizirig the appD>' 
priate amine, heating with sodium disulfide, and reducing the diar\l- 
disulfidc with iron and acid The second route to thioindoxyls, iHu^- 


«BASF, BP 17, m/ 1008, Pummc-rci, Ihr 43 , i:i70 (1910). 
HavaR and du Pont, USP 2,127,483-1 



THIOINDOXYL AND ITS DBKIVATIVES 


1027 


CHART 5 

l*Hhi»AitATio\ Ob 5,6,7-TRirHLom)riiic»i\miXYi 

I ZiifJijsI Ph(l 4^95’ 'ii9i 




I ( i^O 11 
r, 7 hi- 


J ''lit 



I nj N 

COOH ^ Hrifii 

t IICI 


\ 




cii, 


lOH Cl( HXOOII W* 

Hltr. 


5 () 7-Trichl<)io- 
thioindow I 


1 1 ill 0(1 ill Chart 0 by tlu' proparation (ji l)-mothu\ythioiiid(>\vl from 
p-iuiisidine,^’ involves the Ilerz reaction for making the o-aminothio- 
phonol derivative (I), and its (‘onversion into the thioindoxyl via the 
nitrile (II). The Ilerz reaction (Cassella, is very important as a 

method for prepaiing o-aminothiophenols. which are useful not only as 
intermediates for thioindigoid dyes, but also for tin* synthesis of sulfur 
(ly('s ol authentic constitution.^^ For the preparation of O-methoxythio- 
ind(i\yl, a mixture of p-anisidine hydrochloride (224), sulfur chloride 
( 100) and chlonjbenzene (1 120) is heated at 93° for 2 hours, cooled and 
filtered The product (li-methoxybenzo-l ,3-thiaza-2-thionium chloride; 
fll) is fr(»ed from chlorobenzene by heating at 70° under vacuum, and 
hydrolyml to the thiol (1) by agitation \Mth ^^ater (1000), ict* (.’iOOO) 
and chalk (20r>) for 10 hours at 5°. Chloroacctic acid (100), 20 8*;^ 
caustic soda solution (080) and zinc dust (oO) are added, together uith 
ice and water to make up the volume to .*)(M)0 1 ; the temperature is main- 
tained at 10°, and then gradually raised to 27)°. Alter agitation until the 
condensation is complete, the alkaline solution of the thioglycollic acid 
(IVO is screened, and the filtrate is diazotized in the usual manner with 
MKlium nitrite and hydrochloric acid. The diazoniuin .solution is run 
into a solution of sodium cuprochloride (copper dissohed in hydrochlorii* 
acid, sodium chloride and a little chlorate), cyanide and bicarbonate at 
if*’. The nitrile (II) is converted into the ketimine (V) by adding sodium 
tctrasulfide solution to precipitate copper, then enough strong cau.stic 

lUOS 1166 . 

360,690; USP 1,213,170; Sec also Ihxoii and ('auwonberg, JACS 62, 2! IS. 

2125 (1930). 

(’hapters XXXV and XXXVI. 
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CHART 6 

Prepahation of 6-Methoxythioindoxyl 


MeO' 


HCl 


8.Cli 




HjO, CiCOj 

^ Meok^SH 


(HI) 


I^CN 


/ 


(I) 


O CONH, 

SCHjCOOH "* Meols.^SCH,COOH MeO 
(II) 


k^SCH,COOH 




(IV) 


NH 

i 


.M.oCCs>''' 


(V) 


6-Methoxythioindoxyl 


soda solution to make a 3% solution and sodium chloride to make a l.V ; 
solution, and heating at 00° for 4 hours. The product (V) is salted out, 
filtered, dissolved in sodium carbonate solution and lilten'd to rcmoxc 
copper sulfide. The filtrate is a(»idified with sulfuric a(*id and heated at 
70°. On cooling to 20°, the thioindoxyl separates in a yi(‘ld of about 
calculated on p-anisidine. ^ 

o-Arainothiophenols can be prepared by treating an arylthiourea ^\ith 
halogen to form a 2-aminobcnzothiazole, and breaking up the thiazolc 
ring with alkali.®^ 2-Amino-5-ethoxythiophen()I (\ I) ha.s also l)C(‘ii 



iVI) 


prepared®® by a method devised by Hofmann®'* in 1887, consisting in the 
alkali fusion of 2-mercaptobenzothiazoles at 180 18rj°. 2-Mercapt<»- 
benzothiazole itself is an extensively used rubl)er accelerator, and tlii'' 
compound and its nuclear substituted derivatives arc prepared by healinji 
arylamines with carbon disulfide and sulfur in an autoclave at 2(M)°. 

•* ICI, BP 361,306. 

•» du Pont, BP 423,869. 

•‘Hofmann, Ber. 20, 1788 (1887). 
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2-1 N dole-2'-Thionaphthex E-Indigos 

Dyes of this class are also called hemithioindigos. Ciba Violet A 
(]*]ngi, 190()), prepared by condensing isatin-a-anilide with thioindoxyl, 
is no longer used, but the Oj/i'-dibromo compound, Ciba Violet 3B (Cb; 
Cl 1221), and the 5,7,o'-tribromo compound, Ciba Violet B (Cb; Cl 
1222), arc more useful. The monobromo compound, Ciba Gray G 


0 O 

li li 



Ciba Violet A Ciba Violet 3B 


(V\ 1220), dyes cotton blue, (‘onverted into a fa.Nt gray by aftertreatment 
^\ilh .soap Ui.J soda ash. The pentachloro derivative, Indanthrene 
Printing Violet BBF (Ki), has good light fastness and is a useful printing 
color; it is made by condensing 5,7-dichloruisatin chloride with o,0,7- 
trichlorothioindox 3 d hy a general procedure applicable to djTs of this 
type (2,2'-indigos). The isatin chloride is prepared l)y adding the isatin 
(I mole) to phasphorus trichloride (13) and chlorine (1.34) in chloro- 
lienzene, and heating to 12o° in one hour. This solution is cooled to 
100® and added to a solution of the thioindoxyl (I nude) in chlorobenzene 
at ()5®. 1'he mixture is cooled to 4.)® (one hour); the precipitated dye 
is liliered and washed with chlorobenzene; and the solvent is removed by 
steam ilislillation. The dye is filtered from the aqueous suspension, 
(hied, dissolved in sulfuric acid, and reprecipitated by blowing into 



0 




0 


Algol Violet BBN 


Indanthrene Printing Violet BBF 
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water. The dye is again filtered off, washed acid-free, and standarej- 
ized.^**' Algol Violet BBN, which has good all-round fastness, is mad(' 
similarly. Tlie G-chloro-4-methylthioindoxyl analog of Algol \'iolot 
BBN is Vat Violet Rlt, not used as such, but for conversion into liuii- 
gosol Violet IRR.’** Inda?ithrenc Printing Blue B (IG, 1930) is the 
product of the condensation of 5-chloro-7-mcthoxy-4-methyliHatiii 
chloride with 5,7-dichlorothioindoxyl.^® Algol Brown 3R (ST 133X) 
(light fastness 4; soda boil 2-3) is a bromination product of 2-indole-2'- 
(6'-aniino)thi()naphlhene-indigo. Indunthrene Printing IMack BL (10, 
1931) is made by condensation of 9-chloro-(t)',7'-jbenzothioiudoxyl with 
3-bromoisatin chloride; cyclization of S-chloro-l-naphthyllhioglycollii 
acid by phosphorus trichloride and aluminum chloride in chlorobenz(Mic 
solution gives the fornuT intermediat(‘. Tsing isatin cliloride inslead ol 



Indanthrene Printing Blue B Indanthrene Printing Black W. 


o-bromoisatin chloride in this condensation, the product is IndantlinMu 
Printing Black BGIi; using o,7-dibromoisatin chlorid(‘, the prodin t ^ 
Indanthrene Printing Black F. Indanthrene Printing Black BI., sliadcd 
with small amounts of. Indanthrene Golden b ellow RK and IndantliM'iic 
Dark Brown oR, is marketed as Indanthrene Printing Black TL.'’’* 

Mayer (Gb) has described a series of hemithioindigoid dye.s piepau il 
by condcn.sing isatin-a-anilide with the anthracene and anthraipnnonc 
analogs of thioindoxyl. Gibarione Green GG (Mayer and Wurzler, 1923) 




is an example. The anthraciuiiionc analog (I) is a blue dye. 
these are 2,3-substituted anthracene derivatives, red-brown, violet and 
black dyes prepared from the 1,2- and 2,1-compounds have also i)ccn 
described. 


« BIOS 983 . 
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Substitution of both 5 and (\ positions in thioindoxyl is described by 
Ciba, who condense 5-cliIoro-G-mcthyl-, 6-phloro-i)-methyl-, and 5,6-di- 
halogeno-thioindoxyl ^vilh appropriate inlermediates to give uiisym- 
mctrical dyes covering a wide range of shades.®® KJ also prepare heavily 
substituted unsyminet rival dyes starting witli, for instance, 7-bronu)-5- 
methoxy-t,6-dimethylisa1in The violet dye HI) is claimed to ])e free 



from the defect of changing color on wool whcui spotted with water.®' 
The introduction of naphthalene nuclei in these dyes often leads to olive, 
hrown, and green shades. The compound (III) dyes cotton olive green 
of light fastness 7, and such dyes are useful in printing.®'' The methoxyl 
group may he in the naphthalene nucleus; for instance 0 -metho\ 3 '’- 2 ,l- 
luiphthisaliii condensed w'ith (),7-beiiz()thioin(lo\vl gives a greenish- 
olive,®® or it may be in the naphthalene nucleus on the naphththiopheiie 
mdo 

2,2'-6/6‘Tnio\\i>nTHEN3.-l\Di(5()s 

Kricdlander’s (hsco\ciy fU)05)^' of Thioindigo Ked B ((T 1207), the 
Miltur analog ot indigo, was a very important stage in the hi'-tiuy of the 
indigoid dyes, sinc(' it led to the s\uithcsis of a large number of derivalixes 
and of similar dyes®®’ which are largely employed in dveing and print- 
ing Several are useful as solubilized vat colors (Indigosolsb because 
ihcy yield bright altiaciive shades in printing and they leinl themselves 
iieUer than the anthra(|uinone xal dyes t() the older method of preparing 
Indigosols.^* 

While Indigo may be manufaetured alternativel}' from phenylglycine 
or Its o-carbo\xdie aeid, Thioindigo is made only from phen^dthioglycollie 
acid o-carho\ylie acid (1). Starting from anthranilie acid, the route to 
^1> IS showm in Chart The cyclization of (1) to thioindoxylic aeid 

< il>a, UP :i72,r)t0; :J80,020; :589,3.iO. 

It'., UP :mjm. 

‘“Ks UP;i8;t.5l3. 

itl, UP ;^80,9()2. 

' UP 383,682. 

89,1060 (1006). 

^’<‘r (lotailH of tho route through thiosalicylic ari«l, see Alien and Mackny, OSCV 
B; sec also Ref 23. 
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CHART 7 

Preparation of Tiiioindioo 

I NuA b, aq 



Sodium thioindoxylate 


a> 


Thioindoxyl 


aq NaOH, 8, 00“, I hr 



0 


Thpimdigo 


proccedb much more readily than the correspondmj]; leat lion lor indowln 
acid; tbr^ decarboxylation is facile in both cases Thioindoxyl ciy^talli/i 
from water in needles, m p 71®, and closely resembles of-naphthol in od(^i 
and general properties. In the I(J process for Thioindigo, (1; (10(* p.nl^ 
as 50^, c paste) is added to caustic soda (22r>) and watei (oO) at SO"" lln 
temperature raised slowly to 190®, and the fusion carried out at llii'' 
temperature for 4 hours. The coolc*d melt is taken up in watci, llic 
alkalinity reduced to 4^/{ by the addition of sulfuric acid, and oxidation 
of thioindoxyl to thioindigo effected by hc'atmg the solution with ^lo^^(l'' 
of sulfur (98; made into a paste with Monopole Hrilliant oil) at 00° dunni; 
one hour. Using a good c|iuility of (I), which is a critical lacdor, the ^ i< l‘t 
IS 78%.®^ An interesting feature in the synthesis of Ihioindigoids tlu 
use of sulfur or sodium tetrasuHide for the oxidation of tliioindoxvl ainl 
its derivatives. 

Thioindigo (Ciba Pink B; llelindonc Red BB; Algol Red 5B) can he 
vatted both by means of sodium sulfide and hydrosulfite-alkali; it is Ic\cl 
dyeing, and yields a range of pale pink to bluish red shades wdiich .iie 
equally fast, but the stronger shades are not very attract ive. Thioindis^t^ 
was formerly used for the production of pinks and reds in sunshiif*^ 
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coverings and other fabrics requiring high fastness to light and weather- 
ing, but the dye is now obsolete. Th(‘ thioindigo molecule is charac- 
terized by gr(*at stability, for iiistan<‘e to strong oxidizing agents; but 
Thioindigo is more readily r(»duced to the leiico d(*rivative than indigo. 
Tho leuco (‘ompouud i.s more hlabh* than Indigo White, is less easily 
oxidized to the parent dye, and can be isolatetl as pale yellow crystals, 
stiaringly soluble in water. The fastness figures for 'riiioindigo Red are 
light 5 0 and chlorine 1 o; the fastness to alkali boil is poor (2j. 

Derivatives of Thioindigo. Th<* color is (‘hanged by substituents 
even mor(‘ tliaii with indigo. Thus the r),5'-dibroino derivative is 
honh'uux (('iba Mordcaux H; (T 1208;. I)(‘rivaliv(\s containing alkyl, 
amino, hydroxyl, methoxyl and tliioether grou]>s have widely difTercnt 
'-lui(l(‘s. Wh(*n the substituents are para to the sulfur atoms, the shade 
IS (‘hanged to red, violet and deeper shades: when they are para to the 
carl)onyl guaips. the color is orange, orange-lirow n oi pink. 

Mgol Orange HF is the (i,(>'-dietho\y derivatue of Thioindigo, pre- 
paicd Irom (11) by treatment fust with acpmuus caustic soda and caustic 
J)n^‘l^b at 110 1 to"', and then with flowm's oi sulfur at 05 100® The 


0 

11 



AIroI OmiiRf' UK 


amide (II) is prepared iioni /i-ph(‘netidinc-3-sullonu* ac’d via the nitrile 
and the sulfonyl chloride.-^ 1 )ibrominatioii of Algol t»range RF gives 
VIgol Scarlet (KiR (S'f 1352). An important member of this group is 
ludunlhreiH! Hrilliant Pink R, a bright, attractive dye with good fastness 
proportnxs on cotton (light 5 and t 5 for otlua* agencies) (i-Ohloro-t- 
ni(‘thylthioin(lo\yl is oxkIizimI to the dye by beating with acpieous cau.stic 



O 


<>-( iiloro-4-iiiothyIthiomdo\yl Indantlirc'iic Hrilliant Pink R 

and sodium tetrasulfide at 85®.®* Tlie intermediate is prepared 
boni o-toluidiiic by using the Herz reaction as described for O-methoxy- 
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tbioinduxyl; the action of sulfur chloride on o-toluidine effects iiucl(>iii 
chlorination {para to nitrogen) simultaneously with cyclizatiuu to the 
benzothiazathionium chloride. The bromine analog of Indanthronc 
Brilliant Pink R is Algol Pink B (ST IS.'iS) 

Indanthrene Red Violet Rll is a dye which fiiuls considerable use in 
spite of its being inferior to the anthraquinone \at dyes in its fastness to 
light (o) and to alkali boil. It is prepared by cyclizing the thioglycollu 
acid (IV) to the thioindoxyl (\') with chlorosulfonie acid at - .>“ and 
oxidizing (V) with bromine in chlorosulfonie acid at the same tempeia- 
ture, maintained by the use of solid carbon dioxide. I'lie thiophenol 


O 

II 



liiilanthreno linllmnt Pink 


(III), reejuirod for couverhion into (IV), may bo prepared from 7 / 2 -cld()n>" 
toluene via the sulfonyl chloride, or from 5 -cl\loro-( 7 -t<)luidine (Faht ih'J 
TR Base) via the diazonium salt and the disulfide. The latter route 
used by IC} after 1940.®* According to ()l 1212, X)urindonc Red 3B 
(BDC) and Thioindigo Red 3B (K) are constituted as 5,5'-dichloro-l),»’>'' 
dimethylthioindigo, and the same structure is assigned to Indanthiciie 
Red Violet RII. Indanthrene Red Violet RUN (fastness: light 3, 
chlorine 5, other agencies 4) is made from monochloro-p-xylcne du 
sulfonyl chloride and the thiophenol. 
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Mgol Violet KR (ST 1351), 5,5'-(lifhIoro-7,7'-dimetho\y-4,4'-di- 
niethylthioiiidigo, is fast to rhioiine (4 5), l)ut ha^ only moderate light 
l.t-'tness (1). Indanthrene Printing l^ink FF15 ((),()'-dK*hloro-4-rnethyl- 
iliioindigo) and Indanthrene Hrillianl IMnk 311 arc iinsyninietrieal 
(l(*rivativcs of Thioindigo, which are made by the iiitei action of the 
approprhite pair of thionidoxyl deihatne^.^*’ Thus O-chloro-t-methyl- 
lliioindoxyl is con\ cried into the anil (VT) by trealrnent with p-nitrosodi- 
melhylaniline in a(|ueous solution under lamtly alkaline conditions at 
25® for 21 hours. The* anil (VT) and r).7-dichloio-I-methylthioindoxyl 
aic luxated in chlorobenzene solution at 150® ioi 2 houis; Indanthrene 
Biilliant Pink 3H separates on cooling^-* An uiisyininetrical thio- 
imligoid dye conlaiuiug an alkoxy gioiip is the largely umhI Indanthrene 
Seal let H, which has \eiy good all-iound fa^lnc^'^ (light (>, chloiine 5, 
alkali boil 3 1) Indanthrene Printing Puiple R is prepaied by con- 
densing 5,()-benzo-7-chloiothiomdo\\l (piepaied by .ihiminum chloride 
t\(lization of l-chloio-2-naphthylthioglycolhc acid chloride) with the 



/Mlimethylaminoanil of thu)indo\yl in boiling chlorobenzene \ at 
Brown IVI), another dye of this type, is not used a ^at dye, but 
converted into the solubilized dcrivatne, ludigosol or Antluasol Hi own 
IVl).*< These unsymnietrical dyes are ‘stated to gne more \aluable 
shades with better light fastness than the analogous symmetrically 

constituted dyes.’^ 


also ICf, BP 355, 6H1 2, 357,503. 350, 425 
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7,7'-Diaminothioindigo, marketed at one time as Indanthrene (Imv 
6B (Cl 1213). has excellent light fastness (7). but poor chlorine fastins, 
(1-2). A dye of high all-round fastness among the thioindigoids u-sed as 
cotton dyes is Indanthrene Brown RllD, which is valuable a.s a printing 



Indanthiono Hio^n URD 


color and lor cou\<‘isiori into the con espe aiding Indisosol This luiph- 
thalene analog of Thioindigo lied is made by cychzation of /i-naphllul- 
thioglycohc acid to the benzoihioindo\yl (2,l-naphththioind()\> 1) l)\ 
means of phosphorus trichloride and aluminum (dilonde in chlorobenzciK 
solution, and oxidation of the thioindoxyl in alkaline solution by 
of copper sulfate and atmospheric oxygen at 80° Shades of impio\<*il 
clarity have been claimed by the cychzation of /^-naphthylthioglycoln 
acid chloride with aluminum chloride, and subsecjuent vat ting and 
reoxidation of the product.’® Other tliioindigos deii\ed from najih- 
thalene have also been described. The linear analog (A'll) of Iiul.in- 
threne Brown IlllD is bluish gicen in color; the mnred type (VTTI) i^ 
dark blue. The linear dye from anthracene is green, and the angul.n 


CeCKXX) 

il 

(VII) o 



dyes are bro^vn. The linear dye from anthraquinone is gray-blue, and 
the angular brownish-gray. 

There is an extensive patent literature on thioindigo denvatnt'" 
Dyestuffs of the 2,2'-thioindigo series, obf aim'd from (i-halogcno-b 
cthylthioindoxyl by oxidation or condensation with a reactive 2-d(‘i»'‘i" 
tive of thc‘ corresponding t-methyl compound, give bright yellownsh-ud 
shades.’* A senes of dyestuffs giving valuable subdued shades has 
prepared from chloroalkoxymethylthioindoxyls condensed with reactnc 

T»du Pont, UHP 2,158,032. 

IG, BP 442,167. 
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^-derivatives of thioindoxyl,^^ while dyestuffs having excellent covering 
j)(>\ver and light fastness have been prepared l)y condensing a dihalogeno- 
alkylthioindoxyl with the usual components for indigoid dyestuffs; a 
nioiiohalogenothiuindoxyl may ho used and tin* dyc'stulTs produced after- 
ireated with a halogenating agent. 3,8-Ihchloro-l ,2-naphtlithioindoxyl, 
coiidcMised with the p-dimethylaminoanils of thionaphtlienecpiinones and 
other suitable components, givc‘s a scrubs of brown, gray, bordeaux-red 
and navy-i)lue <lyes."‘' The preparation of flinninc-containing thioin- 
dignid dyestuffs from fluorothioindoxyls either by oxidation or by con- 
(l(*M.sation with an appropriate' component ha'^ been described.^'* A num- 
Ikm* of alkoxyalkoxythioindigr)s and thionaphthene-indole-indigos have 
heen |)repare(l from thioindoxyls and reactive isatin derivatives of the 
o(‘ncraI formulas 

(’() CO 

/ 

R'()H()(Ml/ (’ll U'OUOCMl/ '(’Ci. 

S X 

The dyes a/c chaiacterized by their good solubility in organic solvents hO 
lltal they may be used for dyeing acetate silk and coloring laccpu'rs.®’ 
A series of indigoid and thioindigoid dyes (c.g. IX), suitable for dyeing 
cclhilosi* acetate, liav(‘ been described.*^ 


.*NOi20P-0<’H,CH01iCH,NH| 


O 

II 



II 


(IX) o 


XnCHjCHOHtTljO-PO^ONH; 


(i-diloro-.Vmelhylt hioindoxyl, made from 2-cldorotoluene-4-sulfonyl 
chloride, is coiuhuised with an isatin or thioisatin, oi their o-anils, for 
violet and brown dyes.^^' (h7-Phthaloylthioindoxyl is oxidized to a 
brown, or condensed with an isatin a-chloride or a thioisatin-a-aiiil for 
gray, olive, or brown dyes.'^^ '^rhioindigo-7,7'-dicarboxylic acid and its 
bT-di(‘hloro derivative an* synthesized from the dichlorides of 2-carbox- 
ynrvUhioglycolic acids,''- and thioindigo or thionaphthene-iiulole-indigo 
n*M(Uu*s \inited through a carboxyl group to one or two aminoanthra- 

” K», BP 412,185. 

BP 467,417; 607,608; TSP 2,tr>;i,225. 

Iti, pp 803,813; Cf. <iii Pout, I SP 2,061,186; 2,061,200. 

BP 372,640. 

“'hi, BP 361,406. 
hi, BP 360,349. 
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quinoiie rosidues provide a range of orange to bliiek dyes***® WhtMi :m 
8-halogono-l,2-naphththioindoxyl is condensed with a reactive 2'-donva- 
tive of a 2,1-naphththioindoxyl or vice versa, the dyestuffs give blackish 
brown shades, which are otherwise obtainable only with a inixtiiro of 
vat dy(»s.''‘ 

A no^^ method for the s^mthesis of thioindigo derivatives, applicable' 
to the naphthalene series, is to thionate a- or /y-naphihyl methyl ketone 
with sulfur at 230 2(i()®^‘’ or Avith sulfur (‘hloride The a-compound 
gives a brown dye, identical with Indanthrene llrowii HRD prepaicd 
by the cyclization of /i-naphthylthioglycolic acid. Sulfur fusion of 
acetophenone gives only a trace of Thioindigo Red.**^ Sulfur fusion ot 
3-ai*etylpyrene yields foiV4,3-pyrenothiophene-indig(), a violet brow n 
dye;’"*' but Kl, who have pn^pared the same dye by the normal method 
from the thioindoxyl derivative, state that it dyes cotton an intense 
bine shade. 

The device of introducing o-aminothi()gly<‘()llic acid gioiips to gi\( 
soluble dyes, capable of being made insoluble on the liber, has bct'ii 
applied in the thioindigo series: the inteirnediate (Xj <*an be convcilcd 
into a /ns-anthraciuinonethiomdigo. The* ketothiazine rings can )( 



opened and the product apphe<I as an acid dye and subs(M[iiently piccijn* 
tated in the fiber. The dye from (X) gi\es a pure brown shade.'' ^ 

The leuco compounds of thioindigoul dyes presinit sonn* i)roblciii^ 
Avhich have not yet been solved,''^ Stable leuco derivatives of Ihio- 
indigos, e.specially (),r/-di(*bloro-l,4'-dimc1hylthioindigo and 2,1 .2 ,1'' 
naphththioindigo, can be prepared by reduction with alkaline hypo- 
sulfite.''^ IG have also noted that thioiudigoid dyes substituteii in the 

»»!(;, BP 35^716. 

Ciba, BP 466,638. 

** Dzievvonski d ol., Bull. acad. Polouais, A198 (1930). 

•‘•R;, bp 371,150. 

JozicFBki, lioczmki Chun. 14, 216 (1934). 

** Dziewonski and Stcriibach, Rocznikt Chem. 17, 101 (1037). 

•» BP 150,891. 

•0 Sec Cliapter XXIX. 

•»ICI, BP 398,161-2. 

Rodd and Piggott, Annual Repis Chem. Soc. London 18, 90 (1033). 

»» du Pont, USP 2,136,427. 
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4 and 6 positions, when reduced with hyposulfile in the presence of a 
.small quantity of alkali, give leuco compounds more stable to air than 
the ‘‘ normal'^ leuco compound, and less soluble in alkali. The stable 
forms can also be produced by reduction in the presence of alcohol or 
catalytically.®^ These products are useful for printing pastes, especially 
when mixed with such solubilizing agents as benzylsulfanilic acid.^^ No 
explanation has yet been given of the difference between the stable and 
normal forms of these leuco compounds, but both appear to form the 
normal sulfuric esters with such reagents as chlorosulfonic acid.^® Tschi- 
likin,®^ by bcnzylating leucothioindigo, has obtained a dib(»nzyl derivative 
which from its reactions must liave the structure (XI). He concludes 
that leucothioindigo is a mixture of fXII) and the normal leuco form; 



(XI) O (XII) O 


but (XII) has not been identified with the ‘‘stable’* leuco form of the 
patents. 

2,lV-6ftSlNDOLK-lM)lGOs 

Indirubiii ((T TJOl), an isomer of indigo and a minor (‘on.stituent of 
natural indigo, has no coinmer(*ial vahic. ^\ hen it is applied by the 
usual hydrosulfite-alkali metluKl. it appears to isomerize partly to indigo. 
Its occurrence in natural indigo is due to the partial oxidation of indoxyl 
to isatin; the coiulensalion of indoxyl with isalin takes place un.symmetri- 
cally and therefore leads to iiulirubin instead of inuigo. Brominating 
iiidirubin in hot nitrobenzene, the teirabromo compound, Ciha Hclio- 



Ciba Heliotrope 


“10, BP 334,878; 334,919; 338,101; 3<tr>,18;i. 
“ 10, BP 389,915. 

“ 10, FP 753,511. 

” »er. 65 , 1651 (1932). 
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trope B (Cl 1205), is a useful dye, although it has only moderate fast- 
ness. This dye can also be prepared by condensing 5,7-dibromoindoxyl 
with 5J-dibromoisatin. 

3-lNDOLE-2'-TlIIONAPHTnKNK-lNDIG()S 

Also called hemithioindirubiiies or the Thioiiidigo Scarlet class, some 
technically valuable dyes are found in this series. The (‘ondensation ol 
isatin and thioindoxyl in sodium carbonate solution gives Thioindign 
Scarlet R (Albrecht, 1905; CT 1225) (l)urindoiie Scarlet R, ICI), whn h 



(I) O 


has moderate fastness and is useful in dyeing and calico printing. Replac- 
ing isatin in this reaction by its 5,7-dibromo dcTuative, the pn)du(‘t 
Thioiiidigo Scarlet (1 (('iba Red (1; CT r22(‘)), whi(*h dyes a yelUmisli led 
A new I(J dye, not yet offered for sale, is Ihdiiulone H(‘d KU, which ha^ 
very good all-round fastness.’’'' When b-annnotliioiiHUjixvl is condeiiMMi 
with isatin and the product (I) is tribroniinatcd. the dye llehndotjc 
Brown (» (Cl 1227) gives a moderately fa.''t broun on cotton, wool and 
silk. Condensation of nitro- or aminoisatin with ()-aininolhioin(lo\\ i 
gives Algol Brown 5R (ST KMl), which has light fastn(‘ss 4 an<l chloimc 
fastne.«5s3 4. 



Indanthrene Printine: Brown R indanthicne printing Brown 3R 


Indaiithrene Printing Brown R and 3R (JC, 1980) are prepared 
by the condensation of 4,5-benzothioindoxyl with the re(|uisitc isatin 

•• BIOS Misc. Report 20. 

•• Ref. 65 formulates both these dyes as 2,2'-<lerivativc*s. 
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have described hcmithioindirubins prepared by condensing 
2 , 1 -naphththioindoxyl or its derivatives with O-bromo-T-methyl-isatin. 

MiscklIjANEoits Dyes from Indoxyl, Thioindoxyl, or Isatin 

The last group among indigoid dyes, defined in the classification as 
dyes in which indoxyl, thioindoxyl or isatin is condensed with a suitable 
component, comprises a large number of dyes. This is understandable 
in view of the reactivity of indoxyl an<l thioindoxyl on the one hand 
towards carbonyl compounds, and of isatin, its chh)ride and anils on the 
r)ther towards compounds containing a n*active methylene group. 

The first important commercial dye (1007) of this class was Ciba 
Scarlet (1 (Clrob, 1007; Cl 1228) (Algol Scarlet CiCi*. Helindone Scarlet 
({(5) prepared by heating thioindoxyl and accmaphtheneciuinone in 
presence ()f sodium carbonate or caustic .Mxla in dilute^ aqueous or alcoholic 
solution at about 00°; th<‘ dye is brightenuxl by tn'-ument with sodium 
hypochlorite (O.o CJ solution; at 00° for an liour.‘“ In addition to 



0 

Ciba Scarlet G 


its iRung a fast and useful dye for cotton, wool and silk, the dye was of 
interest for its utilizing acenaphthene, a coal-tar hydrocarbon of no value 
at the time. Ciba Scarlet (1 is now prized for its oui-'t 'inding brightness 
of shade, particularly suitable for printing. Monohicinination in nitro- 
benzene solution occurs in the naphthalene half t)f the molecule and the 
product is Ciba Red H (Cl 1220). l^y condensing b-aminothioindoxyl 
with acenaphthene(|uinone and tribrominat ing. the product is Ciba 
Orange i\ (Cl 1230), \\hich dyes a bright pure shade t)f orange with good 
fastness properties. 

Friedliinder found that iiuligoid dyes can be prepared by condensing 
isatin -2-chloride or 2-anil with naphthols and anthrols.'*'- a-Xaphthol 
gives two eom])ounds in about e(pial amounts in this manner, and only 
t>nc, in whieh the condensation takes place in the 2-p()Mtion, has the 
indigoid structure possessing a C^O-“v -C CO~ chain. Hy condens- 

'"®Ciha, BP 641 ,007. 

VAhn., DRP 206,377; 210,813; 211,006; 220,24 4 

fin. 41 , 772 (1008). 
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Wg Isatin chloride or anil with naphthols and anthrols, in which the 
<<Olidensation proceeds solely in the adjacent position, a senes of vat dyes 
are obtainable Thus the interaction of 4-bromo-l-naphthol, which may 
be assumed to function in the ketonic form (I), with 5,7-dibromoisali?i 



(1) \lizarin Indigo 3K 


chloiule gi\eb Alizann Indigo 311 (Biiuei and Hoik*, I90S, (’I IJOO/ 
(Algol Blue A\hich d 3 ’'es coil on a model aloly fasi retldish him 

An intciesting proper! 3 ^ of the dye is that when it ib applu'd in caluo 
printing in conjunetioii with chromium aeotale, a fast gi.iv shade is 
obtained on steaming Indanthiene Printing Blue («(i (Kt, 1030) is 
made b 3 " the eoudeusatioii of 4-ehloio-l-naphthol and o-i hloKw-meth- 
o\y-4-methyIisatin The isatm is eon\eited into the (hlondo l)\ im nis 
of phosphorus tiiohloiule and (hloiine in thlorobonzene solution, the 
naphthol is added at 00 ®, and the reaction is complete in a few minutes 
Indanthrene Punting Blue R is the product ot the* (ondensatioii of 
1-chloro-l-naphthol with .),7-diehloro-4,0-dimcthviisatin * V mi\lun 
of the d 3 "es piepared by condensation ot I-halogeno- 01 4,r)-(lihalog( no-7- 
alkoxyisatin with a naphthol or chloro- 01 biomonaphthol, either as sm h 
or by condensation of a mixture of components, is touiid to ha\ c nu leasi d 
color strength and tone as compared with the constituent (hes 
Ahzaim Indigo G (By, Cl 1202) (Algol Blue G, IG), a blue dve iast to 
chlorine (3 4), but only moderately fast to light (1), is the a-anlluol 
analog of Alizarin Indigo 3R; its present use is for eonveision into 
Indigosol AZG The halogen atoms in th(*se dyes are useful foi enliaiu 
mg the fastness, and such dyes can be prepared by halogenating tin 
parent dyes fiee fiom halogen Ilelmdone Blue 3G ( Mgol Blue A 



Indanthrene Printing Blue CKj Alizarin Indigo G 

Bayer, DHP 237, 

Ciba, BP 460,384 
Ciba, BP 460,627 
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ST 1331) 18 obtained bv condensing isatin chloride ivith 1 ,9-dihydroxy- 
lO-onthrone, it has poor fastness piopeities tor a ^at dye (light 4, 
(hlorine 2 3) Algol Hiilliant (Jreen BK, the condensate of a chloro- 
bromobenzojsatiii uith l-rnelhoxy-l-naphthol/^ has low light fastness 
(3) Black dves can l)e ptodinerl by the emplo>ment of (aibazole 



Algol Blue 3(iN Incianthrene Printing Black B 


(l(ii\ali\fs, and in example is Ind iiilhu nc Black B (IG), pie- 

paiccl hy the comkn^ation of isatin a-anil with 4-h\dro\>-10-meth\l-o:- 
hcn/otaibazole in piesence of acetic aiilndiide and foiinu aeid at -8® 
to \ T It gi\(.s intense bluk shades hut has been laigel\ leplaeed b} 
liidauthiene l^iinting Black IUj winch has suptnor piinting pioperties 
1 he number of indigoicl cIm ^ which can he jiiepaied b} using one or 
other oi the \«in()us routes nKiitioned eailiti, and bx the tonibinatioii of 
Miitible intci mediate s of the bcuzeiK naphthalene, atenaphthene 
uitluaccne and hoteicxvdic senes, is legion Ihe imhgoid d\es aie 
(ompaiable to the azo d\es in the sense that the dxos aie piepari'd h\ 
the inteuiction of two components, eMch of which is xaiiahle within wide 
limits Since tlio c^ondensaticjiis aie ledatuc'h eas\ to caiij out and cht^s 
of unambiguous constitution lesult m in\ baxc' Iccn pu'paic'd and 
•^tuelied fiom the* point of mow ot the lel ition bctwe'on oloi and chemical 
( on st it lit ion On the tc c hnic aKide ( ib i ha\e be en paitic ulailv ac ti\e 

ni this field 

niitla*®^ has desciibc'd a senes ol cht^s obt mud In eondensnig 1/2- 
- I- and 2,3-naplithc)\vthiophe*n('s (naphththioindoxx Is) with o-diketoiies 
''Hch as pheiuinthraciumoiie, acenaphthencMiuinone and isatin The 
ihsoipticm curves ol thiitv-si\ such thioindigoicl ches in uitiolxMizene 
weie deten mined Vll the 2,3-isonic is ahsoih at longt i wave lengths than 
Ihe 1,2- and 2,l-(ompouiicls, and the inlenNitic^ au also gicMtei The 
1 2-, and 2,l-c ompemnds have voi\ similai ^liuctuic's as induate^d 1)3 the 
‘^^miluril 3 ’' of theur absorption cuives ^hilta^ ’ has suggeMcnl that a 3- 

” 1 nedlaiidcr el al , Dtr 56 , 1601 (1022) ind othci pipers Puminercr </ al , 8(t 64 , 
(1031) aad other papers Oulm, / Indian ( hnn 23, 101 (1046') and 
c arher papers 

lit^i 68 , 1147 (1035), 69 , 2143 (1016) and cuilur pipirs 
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or 6-membered ring may be formed by hydrogen-bonding between the 
sulfur or oxygen atom and the peri-hydrogen atom in the 1,2- and 2,1- 
derivatives of naphthalene, but such ring formation is not possible in th(* 
compounds derived from 2,3-naphththioiiuloxyls. The 2,3-compounds 
are deeper colored than the 1,2 and 2,1-isorners, because the postulated 
chelation weakens the chromophoric influence of the sulfur or carbonyl 
group. 

Degrvdm’Ion of Indiooid D^ks 

Many indigoid dyes, on heating with alkali, unilergo hjulrolytu* 
fission into two components, identification of which establishes tlie 
constituti(»n of the dye.-* The W.sindole-indigos and thionaplitluuic-indole- 
indigos give an anthranilic acid derivative, together with a 3-hydro\\- 
indole-2-aldelmle or the sulfur analog (1) 2-Xaphthalene-2'-indole- 
indigo gives l-naphthol-2 -aldehyde. Tliioindigo. in line with its greatci 
stability to all reagents in comparison with indigo, is more resistant to 

OH 

(Xy-cm 

(I) 

alkali fusion. With alcoholic potassium hydroxide, thioindigo breaks nj) 
to thioiudoxyl, thionaphtheneituinone and the thioindogeTlide of 3-hydro\- 
ythionaphthene-2-aldehyde; but many substituted thioindigos do not 
undergo stich fission. The action of ozone on thioindigoid dyes result^ 
in the formation of the corresponding thionaphthene(iuinon(\s. Oxida- 
tion of thioindigo with fuming nitric a(‘id gives o-sulfobenzoic acid 
Raney nickel reduction of thioindigoid dyes leads to the correspoinlmg 
diphena(‘yls and diphenylbutanes, w'hich on oxidation under pressuic 
with 5% nitric acid yield substituted benzoic acids. 

Application of Indigoid D^ks 

The indigoids give pale yellow^ or pale brow-n vats in contrast to the 
deep colors of the anthraiiuinone vats. Older methods of vatting indigo 
(fermentation, glucose and alkali, zinc-lime, ferrous sulfate) liave bei'u 
superseded by the hydrosulfite-alkali method now- used for all vat colors 
with suitable variations in the quantities of the reagents and temperatuM* 
of vatting. The slightly higher cost of the hydrosulfitc-caustic soda vat 

io7tt pummerer ami Luther, Her. 64, 831 (1931); Fiirst and Poliak, ibid, 66, 390 (1032); 

Reisz, ibid, 64, 1893 0^31); Kao, TMak and Venkataraman, Proc. Indian Ac<id 

Sci, d2A, 162 (1950). 
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is more than offset by the advantage of saving in the dyestuff, clarity 
of the dycbath and faster dyeings. The ferm(*ritation vat, however, is 
still used for special purposes, such as the dyeing of heavily milled woollen 
fabrics in which better penetration is ol)tained by this method. Among 
the various processes for the prejiaration of the vats, the stock vat process 
is preferred. (Control of the alkalinity during dj^eing is essential; with 
a deficiency in alkali the peia'tration is poor, the shades are redder, and 
the fastness to rubbing is inferior; with excess alkali the shades are apt 
to be unlevel, and the wool fiber will be damaged. For wool dyeing 
ammonia may partially n^phu'c caustic soda. Fastness to rubbing 
requires careful attention in indigo dyeing, and it is only in the hands of 
an expert and experienced dyer that indigo shades have satisfactory 
rubbing fastn(\sH. Hecause of the lower substantivity of leucoindigo in 
comparison with the leuco derivatives of halogenated indigos, the thio- 
iiidigoids and the anthraciiiinonoid vat colors, indigo dyeing has usually 
to 1)(‘ carried out l)y a building-up process, in which the goods are dipped 
in the dye li(|uor several times with an intermediate air-hanging for yarn 
or overheau lun for piece-goods for oxidizing the vat after each dip. As 
stated earlier, indigo has much better fastness on wool than on cotton 
and is much more (*xt(‘nsively employed for the animal fiber. 

Indigo derivatives and t hioindigoid dyes are applied by the general 
methods of vat dyeing. Here again, these dyes are more useful for 
wool than for cotton, but in calico printing the indigoids are largely used. 
When wool is dyed with vat dyes from weakly alkaline vats, protective 
colloids such as glue or casein are often a<ld(‘d, and full shades with good 
fastiH'ss to rul)l)ing are difficult to obtain. A method suggested for pro- 
ducing a full shade is to dye a weaker shade with th(' vat dye first and 
then cros.s-dye witli an acid color. The acid dye may be applieil first and 
the vat dye in a subsecpienl operation.'*’*^ 

The indigoids in the form of the solubilized dyes tlndigosols) are 
used for both dyeing and printing of ct)tton fabrics.**'* In their fastness 
properties on cotton, the indigoids as a class are inferior to the anthra- 
(luinone vat dyes, (‘.specially in fastness to light, although there arc 
individual oxc(‘pt ions. 

ludigoid dyes can be applied to cellulose acetate fabrics by padding 
successively with an a(|ueoiis su.spension of the d}c and an aciueous .solii- 
fion of formaldehyde-sulfoxylale made alkaline with an alkanolamine, 
followed by steaming to effect vatting v^aponificatioii of the acetate 
does not take place materially under those conditions.”” 

See Chapters VI and XXX. 

Weber and Allied Clieinieal and Dye-stnlT, USr 2. 120,729. 

British Celanese, BP 0:15, lUO. 
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In the course of a search for a method of applying indigo to wool by a 
process not involving alkali, Kalb oxidized indigo to dehydroindigo (1 ) 
which gave a water-soluble bisulfite compound (IT). When wool oi 




(I) O 



cotton was steeped in this solution, dried and passed thiough hot acid oi 
alkali, the material was dyed blue, but only hall the indigo w as legenera led 
and the method was not a commercial success Attempts Mere th(‘ii 
made to make w'ater-solulde esters of leueoindigo, and the problem n\m^ 
solved in 1921 by Bader and Sunder who succeedecl in preparing a disul- 
furic ester from which indigo could he regenerated leacTily and (juantita- 
tively.^ Dry leueoindigo, prepared by precipitating the alkaline vat w illi 
carbon dioxide and drying iii absence of air, was added in an atmosplx'ie 
of carbon dioxide to the addition compound of pyridine (or dimethyl- 
aniline) and chlorosulfonic acid obtained by dropping the acid into the 
base with cooling and stirring. The mixture was stirred cold, warmed 
to 50-00°, diluted with hot whaler, and cooled, when the pyridine salt ol 
the disulfuric ester of leueoindigo crystallized in 80 yield. 


NaO,S-0 0 

HI HU 

(III) O— SOjNa O 


adding caustic soda to &n aqueous solution, the sodium salt (III) sepa- 
rated. The substance, which crystallizes with lOHjO, was markelt'd 

> Durand and Huguenin, BP 18R,0S7; USP 1,448,251. 
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as Iiidigosol U (DUj. It is au isomoride of Kalb's dehydroindigo- 
bisuliitc compound, but unlike the latter it regenerates indigotin quanti- 
tatively and instantaneously on treatment with suitable oxidizing agents. 
The aqueous solution is slowly affected by air oxidation. 

Although Indigosol O is decomposed by acids, in presence of wool 
jt is unaffected even by boiling acids, and it can be applied to wool as an 
ii<*id dye from a hath containing sodium sulfate, acetic acid and formic 
acid. The soluble dye is substantively absorbed by the fiber, which is 
then treated with dilute sulfuric acul and an oxidizing agent such as 
sodium nitrite, dichromate or feriic chloride to effect the development 
of the color. 

Cotton is impregnated with an aqueous jjolution of Indigosol O, dried, 
and the color developed in a bath containing ferric chloride and hydro- 
chloric acid, or sodium nitrite and sulfuric acid. Drying after impregna- 
tion is necessary for this Indigosol, which has practically no affinity for 
cellulose. According to the concentration of the impregnation bath, any 
depth of shade can be produced in one operation, whereas a deep shade 
of indigo is v btained ordinarily by a somewhat tedious building-up proc- 
e>s. By using Indigosol O a dyeing as fast as a vat dyeing is obtained, 
but penetration of the fiber and fastness to rubbing are improved. 

'fhe reaetion [ CO CXOH) * ^ C(0 -SOaNa)— ) for the prep- 

aiation of these sulfuric ester salts of the leuco compounds can in principle 
be applied to all vat dyes. Indigosols derived from several indigoid 
dyes wore prepared by DH, and Indigosol 04B (Soledon Blue 4BCS) from 
telrabromoindigo was especially important because of its affinity for 
cotlon, the attructive shade and its good fastness properties; but diffi- 
culties w'ere encountereil in applying the original Bader-Sunder process 
to a wider range of vat dyes, particularly the anthr*iquinonoids. The 
preparation of the leiu’o derivative of the vat dye in solid form, prior to 
sulfation, w’as not possible with many vat dyes; the Icuco derivatives 
were cither too soluble for separation after alkaline reduction of the vat 
dyes, or did not possess adequate stability for this purpose. A notable 
advance in the method of preparation of such solubilized vat dyes, which 
can be applied with eciual success to anthraquinonoid and indigoid vat 
dyes, w’as then made by Morton Sundour Fabrics.^ The method is 
based on the discovery that when a vat dye is treated with fuming sulfuric 
acid (or an alkyl ester of chlorosulfonic acid, or a mixture of ohlorosul- 
loiiic acid and phthalimidc), a metal (<'»pper, zinc, iron) and pyridine 
(or other tertiary base), a metal complex (IV) of the pyridine salt of the 

* •lont'H, Wylnm, Morton, aial Morton Sundour Kahrirs, HP 24.>,5S7 ; 248,802. 251,491 ; 

Thomas, Harri.s, Wylani, and Seotti^li HP 258,626, Scottish Dyes BP 

.’134,902; 10, HP 461,430: Fuirwoathcr and K'T. HP 630,459 
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leuco derivative of the dye is formed. An important feature of tlie reac- 
tion is that the complex (IV) is formed directly from the vat dye wilhoul 

kC O), C'u + 2S(), f 2C,IUS (r-()SO,),(^i(CMUM. (TV) 

/2NaOH 

llaO +■ 2r„H5X + i\\0 -f (\ ) 


the intermediate formation of the leuco compound as in tlie llader- 
Sunder method, since completely anhydrous reactants are used and no 
source of hydrogen is available. The procedure may be varied by su’^- 
pending a vat dye in pyridine, and treating vith a metal and a sulfating 
agent or source of sulfur trioxide. The compl(‘x (I\') is finally converted 
into the sodium salt (\’j. ICT market their soluhili/ed vat colors under 
the name of Soledons. While the anthraciuinone vat colors were usually 
not amenable to conversion to the sulfuric esters by the Jlader-Suiider 
method, so that the earlier Indigosols were mainly indigoids and thio- 
indigoids, most of the Soledons are derived from anthraciuinone vat dyes 
(e.g., Soledon Blue 21K', Dark Blue 2R, Jade (Ireen X, Yellow (i, Orange 
4E, Brilliant Purple 2H and Black 2B;. 

Solubilized vat colors derived from indanthrone can be conveniently 
prepared by careful oxidation of the disulfuric ester of the l(*uco com- 
pound of the appropriate jC^-aminoanthraquinone derivative under alka- 
line conditions.^ .Vn example is Indigosol Blue IBO (Soledon Blue 


v21lCS), a tetraestcr which cannot be made directly fi'T)!!! dichloroindan- 
4hrone by either the Dll or ICI method, .since a much less soluble diestei 
Cis thus obtained. These tetrae.sters can be submitte<l to acid oxidation 
^ n* the preparation of indanthrone and its derivatives in substance in 
pure form.^ Indigosol Bhie IBC is prepared from 2-chloro-3- 


ent m c, 
amidoai 
and the 


. oanthraquinone by the indicate<l reactions '* •* If a halog<*n is prc'^- 
"\he 1-position, it is eliminated during th(» conversion of the 2-acet- 
^ ^^Jithraquinone into the sulfuric ester ol the ant hrahydroqui none 
^ ^ rc are advantages in starting for instance from 1 ,3-dibromo'2- 


7 convension of 2-chloro-3-acetamidoanthra- 

quino^^ to the leuco sulfuric ester can be carried out in two stages: (a) 
to the leuco derivative by treating a solution in chlorobenzene, 
^^*^ethylaniliri(» and pyridine with hydrogen at ()0 65° and 19 atms 
pressure in pre.sehce of a nickel catalyst; and (b) esterification w^ith 


• IG, BP 

• IG, DBP 470,809; 574,190. Sfc iiI.so Bretagne, PSP 2,;{44,389. 
» BIOS 960; 1368; FIAT 1313, TI. 

• BIOS 1493. 

^ Stallmann aiul fin Pont, PSP 2,200,180. 
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1. C»H»N,ClSOiII, 52*, 4 hn 

2 Fo powder, 6H*, 2 5 hrs 

3 Salt out with K(*l 
Cl 4 aq NaOH,85* 



Tctrapotassiuiii salt 
(Indigo‘w>l Blue IBC) 


chloro^ultoiiic* and in dimethylaniliiu* and (‘IdorofKai/Piu* '* Lead 
poroxido may he replaced hy silver <)xi<le‘' or the oxidation of (\'I ) to (he 
Indigosol ni y he effected electrolytically.*’ 

Details of the current ICl methods of preparation of the solubilized 
vat colors are now available.'^ The name Anlhiasol replaces tin' old 
Indif^osol, apparently as a result of tlie cessation of the ajocreemcnt ^^ith 
the Swiss firm of DII; but the name Jndi^osol is retained heie, since the 
available shade cards refer to the Indigosols and DII continue to market 
them under the old names With (he exception of Indi^osols 0 and OlH 
which are still made by the earlier process of treating the leuco dy(» with 
chloiosulfonic acid and dimethylaniline, all the Indigosols are now made 
hv th<» 1(^1 pyridine-metal metlMid, w'liich ITf claim to have impro\ed in 
ceitain details. Pure pyridine is used for Indigosol Hed IFHB, Brown 
IBR, and (Ireen and a mixture of a- and 7 -j)ieolines for all other 

ludigosols. The metal geiuTally used for the cc'mplex formation is 
electrolytic iron: exceptions are Bed IFBB for which copper is used, since 
iron gives low er yields and duller shades, and Blue I IK" and (Ireen L'Ki 
for which iron in the cheaper form of nei'dle dust is adequate. l"he \at 
<lyes are used in finely powdered form, unless the reaction mass becomes 
too thick as a result. Ksterification is carried out in an iron reaction 
k(‘ttle (enamelled for Hed IFBB). provided with an anchor type agitator. 
1’he general proiTdure is to treat pyridine with chlorosulfoni(‘ acid, main- 
taining the temperature at 20°. l"he vat dye and iron are added simul- 
taneously, or the dye is added fii’st. 1"he reaction tempiuature is about 
tiO°, and may be allowed to rise up to S0°: the temperature must be kept 

Fnlilmann, Bl*’.>77,l(i7 
’ H;, FP 779,81)0, 
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at 40® for Red IFBB. The time of reaction varies, some being rapid and 
others taking several hours. The progress of the reaction is followed by 
the appearance of the mixture and the solubility in water. The yields 
are between 80 and 90%. The usual method of isolation of the Indigosol 
is to blow the reaction mixture by moans of nitrogen into sodium car- 
bonate solution, add a little rapesecd oil to control frothing, and distil 
with indirect steam. The distillate is 30 40% pyridine, and the distilla- 
tion is continued until the residual liquor does not liberate pyridine on 
the addition of caustic alkali. Iron and iron oxide (together with kiesel- 
guhr which may be added for clarilication and as a filter aid) are filtered 
off in a wooden filter press, and the Indigosol is salted out from the 
filtrate, after prior concentration in vacuum if the Indigosol is too soluble 
(e.g., Brown IBR, Blue IBC and Indigosol O). The precipit.it ( mI 
Indigosol is filtereil oiT on a cloth-covcred iron nutsch. Soda ash and 
urea as stabilizers (together sometimes with dimethylaniline sulfoiin 
acid for improving the .solubility) are addl'd to the Indigosol, which 
then homogenized. The addition of dimethylaniline sulfonic acid may 
also be made at the standardization stage. The paste is finally dricsl 
in a vacuum shelf dryer at 50-60®. Standardization is mainly with 
sodium sulfate, but common salt can also be used, ^"ery insoliilde 
Indigosolb (e.g., Brilliant Orange IRK, which is only marketed in paste 
form) may be pasted with triethanolamine. Blue 1B(^ is marketed iis 
paste and powder, and the others are in powiler form. The IndigosoK 
in general are stable during isolation, drying and j^rage, Indigosol 
Red IFBB is not stably to long storage, probably becauvsc copper is ii^ed 
in its preparation. Blue IB(^ has a tendency to revert to the pnrent 
vat dye. 

Recovery of pyridine and its reuse, after con(*entration and drying b> 
azeotropic distillation \vith benzene, suKstantially influence the econoni} 
of the process. The overall loss of pyridine is 1.)% in summer and 7 S' 
in winter. Attempts to replace pyridine by cheaper tertiary bases have 
so far been unsuccessful. 

About 35 Indigosols and 25 Soledons have been maiketed. Th<*u 
names and those of the parent dyes are listetl in Table I.’ For simplicity 
only one name (usually IG) for the parent vat color is stated. The 
identity of the vat dyes corresponding to the Soledons has been indicated 
on the basis of the shades and color reactions.’” The parent vat colors 
(VII), (VIII), (IX), (X) and (XI)*^- ” are produced specifically foi 
('onversion into the Indigosols and are not marketed as vat dyes. The 

'®Cf. Pox, Vat Dyeatuffs and l>>'eing, Chapmnn aii<l Hall, Ijondon, ItMC. 

“ BIOS Mm\ Report 20. 

u« See also Durand and Huguonin, HP (>07,219. FSP 2,SS8,285, 
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I)arcni \al dyo lor Anthrasol Brown IV I) has ai.^o been stated to be an 
isomer of (X) in whieh one of the ehlorine atoms is in the naphthalene 
ring 

Aiitlirasol Printing Yellow' lO and I3G arc azo dyes, and they have 
not yet been offere<l for sale.^’ Yellow I3G is similar to A^ellow IG, and 
is made from tlie azoie dy(» (rt-Aminoanthraciuinoi.e — ► Acetoacet-p- 
chloroanilide) Yhe bright yellow* shades have gooil fastness properties 


NaO*S-0 N-N-CH-COCH. N=N-Ar 



Anthrasol Printing Yellow I(» (XII) O — SOaNa 

tnul are of special interest in calico printing. Dyestuffs having the com- 
bined characteristics of azoic dyes and of sulfuric esters of reduced vat 
dy(»s were at one time marketed under the name of Solazols (e.g., Solazol 
1 {(m 1 2B) (ICI). They wore made by diazotizing the sulfuric esters of 
Icnco vat dyes containing a primary amino group and coupling with 
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DYES 

[ndtqobol, Anthrnsol 

TABLE I 
Soledon 

Paieni vat dyi 

1 Yellow HCG 


Helindone Yellow (^G 

2 Yellow 120 


(VI) 

OoUleii Yellow ICIK 

Golden Aellow GKS 

Indanthiene Golden A ellow GK 

1 Golden Yellow IRK 

(loMen A'ellow RKS 

Indanthrene Golden AAllow RK 

5 

\ellow GS 

Indnntlirene ^Vllow G 

() Yellow \ 


(VII) 

7 — 

Yellow 5GS 

(’aledon Aellow 5GS 

8 Oiange HR 

Oiange RS 

Mgol Orange RF 

0 

Oi inge IRS 

Iiidantliieiie Oiange IR 

10 Brilliant Oiange IRK 

Biillinnt Oiange (iRS 

Indanthrene Biilliant Oiange RK 

11 I’lnk lU e\ti.i 

Pink ri^s 

Indanthiene Brilliant Pink R 

12 Bnlli.int Pink IIB 


Indanthrene Biilli lilt Pink IH 

13 Red IPBH 

Red 2BS 

Indanthiene Red IBB 

14 Red\iolciIRn 

Red .IBS 

Indanthiene Red A lolet RH 

15 Red HR 


Mgol Red BB 

16 

Sf 11 let BS 

Durindone Sc aili t IBS 

17 Si iiUt 11 B (mixture 
of Vnthiisol Oiange 
HR vind AntliMsol 
Pink IR extra; 

18 Scarlet IB 


Indanthitne Sc iilet B 

19 Brown IRRT) 

Blown GS 

Indanthrtne Blown RRU 

20 Brown IBR 

T) irk Brown 3RS 

Indanthrene Blown BR 

21 Blown l\ I) 

Red Brown BS 

(V) 

22 

Biilliant Purple 2 RS 

Indanthiene Biilliant VioUt 2H 

23 Printing Viokt IB BF 



(\iolet ABBI) 

\ lolet BS 

Tndanthnnie Punting \ lolc f HJU 

21 Printing Purple IR 



(Purple AR) 


Ind inthrene Printing Purple R 

25. Brilliant \jolet HR 


Indurithieiie Biilliant Violet IK 

25a Brilliant Violet I4B 


Indanlhiono Brilliant \ itile t IB 

26 Printing \ lolet IRR 
(\iolet ARR) 


(VIII) 

27. O 

Imligo LL 

Indigo 

28 OR 


Monobronioindigo 

29. OIB 

Blue IBCS 

Tet rabroinoindigo 

30 (Blue) OtiB 

- 

Hexabroinoindigo 1 

31 04G 


pent abi omoiiiebgo 

Brilliant Indigo 4G 

32 AZG 


Algol Blue G 

33, Punting Blue IB 

~ 

Indanthiene Printing Blue B 

31. Printing Blue fG(i 
(Blue AGO) 


Indanthrene Printing Bine (H* 

35. Blue HB 


Algol Blue B 

36 

Blue 4GS 

— 

37. BlucIBC 

Blue 2RC’S 

Galedon Blue RC 

38 BluelGC 

- 

Indanthiene Blue GO 

39. 

Daik Blue 2HS 

Inehiiithrene Dark Blue BO 
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/ ndigoaol ; A nth rasol 
•lO CJrecn llUi 

11 Olive (Iroon TH 

12 (ircen AH 

n (Ireon IH (I HA) 

II Groen 1K3H 
IT) Cjlreon KU) 

1(> (rray IHL 
H)ii Gray IN 
17. Hluo Hliifk IHD 

18 Printing Hlack Hi 

19 


TAliLE I (Continued) 


Sotedan 
Hiilliunt Groen r>CiS 
Grmi fiS 

Jade (ireoii XS 
Judo (Iroon 3IiS 
Judo (Iroon 2(»S 
(jliav HS 


Hlaok 2H 


Pannt vnt dge 

(IX) 

Indunthroiio Olivo Greon B 
Algol Hnlliaiit (iroon HK 
CalcHloii Jade Greon X 
r^ilodon Jade Groon 
(’ulodnn Jado (iroon 2GiS 
rndanthrono Printing Black HL 
Tndaiitliiono Olive* T 
Ind:in1hn‘no Printing Hlack HOL 
Indanthrono Piinting Black H 


arylamides of hydroxyiifiphthoio acid.*- A r(T*ont suggestion is to pre- 
pare (XII) hy henzoylating the /^-anthraepiinonylamidc of hydroxy- 
iiaphtlioic acid, converting it into the sulfuric ester of the leuco derivative, 
dchenzoylating by alcoholic alkali, and <‘OupIing with a dia/onium salt 
( \r free from solubilizing groups).*^ 

\\‘iri‘'us .iix)difi<*ations in the preparation ot the sulfuric esters of leuco 
vat dyes have been suggested in the patent lilcuature Sulfation by 
means of the sulfur trioxide compounds of tertiary amines having a dis- 
sociation constant of at least 1 X 10 " (e g., A"-ethylniorpholine or 
tnmidhylamine) may be carried out in aipieous alkaline media ** For 
1 , l-bisben/amidoanthra(iuinone, a mixture of cuprous chloride, brass 
jiowder and the vat dye is added to a suspension of sodium pyrosultale in 
pyiidine.*^ \'at dyes and aiithracpiinone intermiMliatCN are coinerted 
into their leuco sulfuric esters by reduction ^^ith a metal in presence of 
dmiethylformamide or methylamine, followed by -ulfation with the 
addition compound of sulfur trioxide and dimethyl* orinamide.*^'* V 
stabh* leuco compound (e.g., of l(),17-dihydro\ydihenzanthrone) is 
obtained as the monosodium salt from a hydrosulfit^ vat by reducing the 
pH to 9 12 at ()0 90® until precipitation is complete: this compound forms 
a blue solution in sulfuric acid, ami is unchanged on precipitation, even 
alter healing at 100®; it can be converted into the disulfuric ester in the 
normal way.*® The /?-hydroxyethyl and homologous ethers are obtained 
fioni the stable leuco compound of l(),17-dimethoxydibenzanlhrone and 
I HP :m, 7)00 7, rsP2.:M«,7r)8. 

*’ Marschalk :irid KkmizIc, Teintcx 12, 7o (19 17). Lecher, Scalera, and i.ester, HP 

•>S5,1()G; rSP 2.39r),r)82; 2, 402,6 17; 2, 10.3, 2?6; Lecher and llard.v , JACS 70, :^789 
(1948). Tile reaction proceetls smoothly with indigoids and with anthrone 
deiivatives, l>ut with ant lira (imnoiie deri\ative.s disproportionation to anthra- 
ipimone and .anthranol derivatives occurs; Scalera tt nt , JACS 73, 3091 (1951). 
'' Coffey, Driver, Fairweather and ICI, HP 605.617. TSP 2,504,806 aiffey 

ah and ICI, HP 610,117: 633,480-1; 633,483-7; 633, .501-2 ; 633,504-5; 633, 
t92-3; 033,408-9; 633,513. »• I^SP 2,1 18,042 ;"rSPt2, 188,320. 
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its iso analog; their acid sulfates dye cotton red, regenerated to the 
parent shades by acid.^^ Very fast, brilliant reds are produced by the 
leuco sulfuric esters prepared from 1,4-bis-acyIamidoanthraquinones in 
which at least one of the acids is a diarylsulfone carboxylic acid.'* The 
addition of urea and a sulfobetainc containing an aralkyl radical is \isefiil 
in dyeing cotton and viscose rayon with Indigosols.'** The stability of 
the Indigosols from the benzanthrone dyes is increased liy the addition of 
salts of mercaptans such as dithiocarbamic acid or inercaptobenzolhia- 
zole.*® The triethanolamine salts of the siilfuri(‘ esters liave improved 
printing qualities.*' Cellulose acetate fabrics can l)e dyed uniform sluuh s 
by impregnation with the dyes in a 70^ aqueous solution of lower ali- 
phatic alcohols or ketones.** 

Vat colors solubilized in forms other than the leuco-sulfuiie ester*- 
have been mentioned. If leueoindigo is eondensed with chloroaeelic oi 
iS-chloropropionie acid, the produet is oxidizable on the fiber to the parent 
dye by means of oxidizing agents sueh as ferrie chloride.*' Acylation 
may be eflfeeted with benzoic aeid-m-sulfonyl (‘hloride»*' and both these 
types of products are specially recommended for printing. The vat dye 
(e.g., 16,17-dimethoxydibenzanthrone) is heatetl with copper, pyridine, 
and an organic acylating agent having in addition to the aeylating group 
at least one salt-forming group or group convertible into quaternan 
ammonium (e.g. p-chloromethylbenzoyl chloride).*'^ Tlie products are 
more stable to acids and less stable to alkalis than the siilfurie c'-ter^ 
The aqueous vat (e.g. of dibonzanthronc) is treated at about o® with 
o-sulfobenzoic anhydride in presence of a condensation proiluct ot 
n-octadecyl alcohol (1 mole) and formaldehyde (20 moles) ; the leuco-estei 
is then salted out.*® Esters of the stable Icueo compounds mentioned 
earlier with fatty acids of not less than eight carbon atoms, especially tlic 
dilaurates, are useful oil-soluble fluorescent colors.*^ The quatcrnaiy 
salt of carbylsulfate and pyridine is used as the estcrifying agent, which 
is heated with the pure dry leuco derivative of the vat dye, or wuth the 
pure vat dye and copper powder.** 

»^StalImann and du Pont, USP 2,183,C2()-7; 2,18:3,020 M) 

Kern and Ciba, USP 2,439,626. 

Ratti, Brandt, and Durand and Hugiienin, USP 2,4:37,55 L 
»®IG, BP 452,018. 

« du Pont, USP 1,954,702. 

** Croft, Hindle, and Celanese Corporation of Amorira, USP 2,428,8133. 

” Ciba, BP 291,768. 

«IG, BP 324,119; 497,327. . 

»» IG, BP 497,327. 

*• Mieg, Wieners, and General Aniline and Film, USP 2,307,893. 

Stallmann and du Pont, USP 2,183,628. 

*• Stallmann, ^Prahl and du Pont, USP 2,245,535. 



APPLICATION OF THE SULPUHK* ESTERS OF LELCO VAT DYES 1055 


IG have developed a new method for the preparation of Anthrasols 
applicable to the anthraquinonoacridonos which are not Miilable for con- 
version into the usual sulfuric ester type because of the instability of the 
biilfuric esters or their inability to regenerate the parent dye on the 
liber.-*' The acridone is treated with phosphorus oxychloride or 
phosphorus pentachloride whvn the phosphorylated derivative (XlII) is 
formed, which on dissolving in aqueous sulfite or bisuHite gives (he water- 
soluble dye (XIV). The dyes fXlV) mostly gave weak shades on 



(Ievelopn»tiu, but the deri\ati\e of Indanthrene \'iolei FFli\ (an anthra- 
([uinonebisacridone) behaved normally like other Anthrasols. I'lie yield 
of the solubili/.ed product from the parent dye was however only 25 

Afplicvitov of tul Si LFiMiK Ksii.hs of 1-1 r(0 Vvt Dws 

Pro(‘(‘sses tor dyeing and [irinting with the Indigosols have been 
described in a series of patents ” The Imligosols were originally 
de\ eloped tor us(‘ on wool and silk, m> that causuc soda required for 
\atting may be a\oided. At present, howe\er, the Indigosols and 
Soledons are more important for cotton, because cheaj>ev and comparably 
last acid-mordant dyes are available for the anima! fibers. (Litton 
fabrics are frecpiently dyed with the solubili/ed vat colors, and the 
achaiitages are good penetration, level shades and excellent fastness to 
rubbing, specially in light shades For heavy sliades the vat dyes are 
pieferred to the corresponding Indigosols and Soledons iii view' of cost 
considerations. The solubilized vat colors as a class are less substantive 
than the alkaline vats, and absorption can therefore be leadily controlled. 
In actual practice, it is easier to get level dyeings with the solubilized 
vat dyes than wdth the parent djTs. For the sam^* reason, the solubilized 
^at colors are specially suited for padding processes, with the consequent 
advantages of complete and uniform pei <'tration and rapid pro<luction. 

” BIOS 987. 

^^'FIAT 1313 TII. 

‘' I^uiand and Ilugncnin, HP 202.6H0, 202.nd2, 21S,tU0 220,961 

also Bader, (Idiiiie ot Industrie Spei ml No 4 4‘) il921) IVtrrhatmer, J Soc. 

^>ycr8 ColourinlH 42 , 152 (1926); 43, 251 (1927' 
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Some of the Indigosols and Solodons, however, have good substantivity, 
the substaiitivity being in general parallel to the substantivity of the 
alkaline vat of the parent dye. Thus the solubilized anthraquinone \a1 
colors are usually more substantive than the indigoid derivatives. 

When the solubilized vat dye has poor affinity, the dj'ebath may br 
exhausted by commeneing the dyeing at about 80® and working tlie 
material in the cooling bath, wliereby the solubility is decreased, (llaiibfr 
salt may also be added. Uneven dyeing sometimes results, e.g., will) 
Indigosol O, Brown lUKD and Blue 1B(\ as a result of expcjsure of parts 
of the fabric to atmospheric oxidation; in jigger dyeing for instance the 
selvedges are often dyed deeper shades for this reason. The* addition of a 
little alkali and formaldehyde-sulfoxylate to tlie dyebath eliminat<\s ju-e- 
mature development. After impregnation, tlu' solubilized vat color ha'* 
to be developed; the reaction [2 C(()SO,\a) + IljO + () ^2 CO 

+ 2 NaHS 04 ] involves hydrolysis and oxidation, 'fhe main method m 
cotton dyeing is to use sodium nitrite and sulfuric acid. Sodium nitnh* 
(about 1 %) may be added to the dyebath itself, or to tlie acid de\ el()i)ing 
bath ; the former procedure is more generally adopt(‘d, so that the* dc\ (dop- 
ing bath consists merely of about 2 % sulfuric acid. Tiider the right 
conditions the amount of absorbed nitrite is aderiuate for the o\idati(>i) 
and the discomfort of excessive nitrous fumes being t^volvcd, wlicn ll)(' 
nitrite and acid are added simultaneously, is avoided, as well ihc 
danger of over-oxidation due to excess of nitrite. Tlie incorporation ol 
small amounts of hydroquinone, /y-aminopluuiol, pyrogallol, gallic acid 
or tannic acid to the developing bath is another method of preveiiling 
over-oxidation; such addition also counteracts the oxidation of solulnm- 
of the solubilized vat dyes when exposed to daylight.’’’ Excess d>(*- 
liquor is squeezed out, and the fabric is then worked in the acid licpK^ 
for a few seconds at 50 55®. The acid is immediately wash(»d off, ju-ch'i- 
ably in an alkaline bath, and the process is completed by soaping rit the 
boil. 

Wool and silk are dyed from a neutral or faintly acid (formic and 
acetic acid) bath with the addition of ammonium sulfate or (Jlaubcr s:ilt 
Rongalite may be added if necessary for preventing premature oxidation 
For development, dichromate is preferred to nitrite to avoid the po'^-i- 
bility of nitrous acid reacting with the proteins. In silk dyeing, potas- 
sium persulfate may be used for oxidation in place of dichromate. 

In calico printing the nitrite process is employed for direct styl(‘^ 
The printing paste consists of the leuco sulfuric ester, a solubilizing agent 
for the sparingly soluble dyes, sodium carbonate, nitrite and thickening 

” Durand and Huguenin, BP 503,099. 



application of the SI LPTHK' KSTERH OF LEUCO VAT DYE!:> 1057 


Before development in sulfuric acid as usual, the printed goods may be 
steamed to get full e()lor value. Another mcthofl, useful for resist styles, 
if, to use sodium chlorate and arid-yielding agents such as ammonium 
oxalate, lactate or sultocyanide in the printing paste; development takes 
|:)lacc during steaming as a result ol th(‘ dissocial ion of ammonia. In 
direct styles, this method is little used siinu^ many Indigosols do not 
(le\elop fully; but when the cloth is padded with a solution of the solu- 
bilized vat dye, sodium chlorate, ammonium vanadate and lactate or 
siilfocyanide, and a w’hiie or colon^d rchisl containing for instance 
Kungalite as tlie resisting agent is printed, the resisting action is very 
effective on steaming. 'J'he development of the dye may thcui be com- 
pleted by a passage through a ilicdiromate-sulfuric acid bath. The usual 
vat-printing paste of vat dye, Kongalite and potassium carbonate is an 
ellectne n^sist for an Indigosol, thus w(‘ ultimately obtain a vat-dye 
resist undi‘r a vat-dyed ground, and the emtire punted eflect has the 
uniformly excellent vat dye lastne^s whi(*h i^ otherwise unobtainable. 
The Indigosols and Soledons are tluu’efou' valuable in calico printing. 

Thiourea Anthrasol or Indigosol Salt which prevents over- 

oxidalion by the action of excess nitrous acid, is an assistant in the appli- 
cation of the Indigosols (e.g., Red IFBB, Blue IB(' and Olive (Ireeii IB, 
which are sensitive to nitrite oxitlation and eonseciuently give dull off-tone 
shades of diminished fastness to light anci soda-boil), especially in print- 
ing by the direct and resist styles. Thiourea apparently forms a labile 
compound with nitrous acid, and thus regulates the oxidation. In dyeing 
and printing, thiourea (1 b g, per 1.) is added to tlie sulfuric acid develop- 
ing bath. The sjiecial advantage of this addition in resist printing is 
when the resists are under Aniline Black and the a/oi^‘s, particularly 
Varianiinc Blue combinations. A mixture of pyridine-betaine hydro- 
chloiido*' and silver salt (Reservol BC'; KB is a U'^eful addition to vat 
resists under Indigosol Blue IBC'; prior to its introduction it was not 
|)ossible to produce bright vat resists under this Indigosol. Phenyl- 
guanidine-p-siilfoiiic acid leads to brighter and stronger prints with leueo 
sulfuric esters which form sparingly soluble alkali salts.^"*'* 

Since a vigorous process of oxidation under acid conditions is involved 
ui the aiipliealion of the leueo sulfuric esters of vat dyes, there appears to 
ho some evidence that, in spite of every precaution, traces of oxyeellulose 
aiid/or hydroeellulose are formed, which may be detected by the usual 
rnetiiods (copper number, euprammonium fluidity, Methylene Blue 
absorption). 'Fhe oxyeellulose formation is probably significant enough 
to enable tlie identification of vat dyes apj)li(Tl in the form of the leueo 
f^iilfuric esters. 

Tophani and ICI, BP 
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The oxidation of the Indigosols in aiiueoub sohition by the action of 
lijBfht, nhieh gnos nso to the dotei t of piemature development in dyeing 
and punting pio<*esses, has been utilized in the production of eoloi 
photographs ** 

The Indigosols and Soledoiis ( an lie estimated in substance b> tieating 
an aqueous solution with standaid ceric sulfate solution (in slight excess) 
and concentiated sulfuiic and at 80 00® tor a tew minutes, the paient \ u 
dye sepaiates lapidly in leadily hlteiable foim and is then (ollected on i 
sintered glass Cl iieible washed diied and weigheiP 

»*IG, HP tU,072 Stcwait HP 
Patni ( npuhlishc<l woik 
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SULFUR DYES 

Apart from dyob containing; sulfonic {groups, aic dyes belonging 
to \ariou.s chemical and dyeing classes which contain sulfur in their 
composition (e.g., Methylene Blue, Pnmuhne, ihioindigoid dyes, llydron 
Blue) ; but the group name of .sullui or sulfide dyes^ ^ is usually restricted 
to the dyes which dissohe in aqueous Mxhum sulfide foiming reduction 
juoducts with fi marked affinity for cotton, the dyes are regenerated by 
air oxidation. Their essential characteristic, therefore, is the property 
of dyeing iinmordant(‘d cotton from a ‘sodium sulfide bath. Siillide dyes 
are thus distinguished from sulfuri/eil \at dye'-, which are best api>)ied 
fioni an clkal.ne hydrosulfite solution oi by similar vat dyeing proc(*'^se.s, 
although dyes of both these groups (as w(*ll as some d^c-^ oi other types) 
aie jireparcd by thionation or heating with sulfur, sodium sulfide or 
|)olysulftd<‘ The technically important sulfur dyi‘s are lurther cliarac- 
teri/ed by the list* of a limited and well-<lehn(‘d type of intermediate, 
while many organic ('ompounds arc capable of forming sulfide dyes by 
.sulluri/af ion under the light conditions The great technical ^alue of 
sulfur dyes is due to their low cost and high order of fastnosw. (*\cept to 
chlorine. 

Troost (18()lj discoNcred the first sultui dye, and the iiisi sulfur dye 
to be manufactured (Croissant and Bietonniere, ISTJ was ('achou de 
Laval (CT 933), prepared by heating oiganii* refuse (bran, saw'dust, etc.) 
with sodium polysulfide at about 3()(P Hydrogen .sulfide was o\ olved, 
and sulfur eoinbined with llie sllb.st•lnce‘^ The higher the temperature 
of heating, the darker w'as the color of the products, which d 5 ’’ed browm 
diades improved in fastness by afterchroming In 1S93 Aidal prepared 
tlio first sulfide dye from a simple and detinite internicvliate; by heating 
p-phenylenodiamine (and later p-aminopheiiol) with sodium sulfide and 
'^nlfur, Vidal Blaek' (Stl); Cl 973) was produced There were difiicul- 

' LauKo, L)ie S<‘hwclolfarhstoflc, ihic lloi.stcllui. Mini VorweiKhiiiK, 2iul eil , Spamer, 
Leipzig, 1925. 

^Morgan, Thorpe’s Dictioiiin,> (»l Vpplierl ( I^rd eil., Nol. VI, Longmans, 
London, 1929, p. 494. 

Chem, Revs. 36, 291 (1915), Schu1»»Mt, \ftlliand Tcrtilbir 28, 270 (1917). 

' Vidal and StD, VV 200, 105 t^SP 5:12. tSI 
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ties in repeating the reaction without variations in strength and shades, 
and it was then found that a relatively low temperature of 1 40 180° was 
suitable. Vidal showed that diphenylamine derivatives were formed in 
the course of the reaction, and to the present day diphenylamines a?e 
among the important intermediates used for the production of sulfiii 
dyes. The first commercial success resulted from the use of the con- 
densation product of p-aminophcnol and 2,4-dinitrochlorobenzcnc, which 
on heating to dryness with sodium sulfide and sulfur gave Jmmedi.il 
Black FF extra (C) (Kalischer, 1897; Cl 988).^ This was a better d>(‘ 
than Vidal Black, because it was oxidized by air to a full black, did n(»i 
require afterchroming and the fastness to washing and light was good 
immedial Black rapidly became a bulk manufacture. 'Flie discoveru's 
of Vidal and Kalischer represented a great advance in the production ot 
sulfur dyes, since they led to the realization that the future lay in the 
abandonment of crude and complex organic materials for thionation an<l 
the use of simple and specific intermediates. In the same year (1S97» 
sulfur monochloride (S 2 CI 2 ) as a thionating agent was discovered, its u‘'C 
has proved to be a valuable method for the preparation of thioindigoul 
dyes, revived in recent patents for the sjmthesi.s of sulfur dyes of high 
fastness from a udde variety of intermediates. The next important dis- 
covery was that, instead of heating the solid reactants, acpieous solid loii" 
could be used, with steam heating and stirring The reaidion was Ikmkm' 
more regular and there was less variation in the final product At th(* 
end of the reaction the dye could be precipitate*! by bowing air through 
the mixture. It vvas then found that if crystalline Xa^S, 9 II 2 O "as used, 
it served the same purjiose as the aciucous solution, giving th*' right 
proportion of water. Numerous organic compounds give sulfui dy*‘^ 
when heated with sodium sulfide and sulfur. Aromatic compounds ot 
various types and even aliphatic compounds can be employed, li*‘n**‘ 
there ean be no common nucleus in these dyes; sulfur and sodium sulhd*‘ 
merely introduce certain neecs.sary groups into c*)mpounds of the mo-t 
diverse structure. Although sulfurization is a complex process, the 
reaction in^its .simplest form may be pictured as follows: XI I > X SH 

(soluble in alkali) ^XS SX (in.soluble dye) The compound X SXa 
has affinity for cotton, and by atmospheric oxidation the dye XS SX i^^ 
formed on the fiber. Much progre.s.s has now been mad<‘ on the technn al 
side, but attempts to isolate the sulfur dye.s in pure form as individiiii^ 
chemical compounds and to determine their con.stitution have been 
largely unsuccessful. The com])lete constitution of even a single sulfu*’ 
dye has not yet been established, because of intrinsic difficulties in fho 
problem. 

“Cassolla, USP 610,541. 
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Technical Prodi ction of Sulfur Dyp:^*^ 

Intermediates. The main intermediates employed for thionation 
are aminophenols, wliieh may be conveniently produced in aitu from 
nitrophenols; diphenylamine derivatives, especially 2,l-dinitro-4'-hydrox- 
3 Mliplienylamiiie (llj; nitro compounds, amines and aminosulfonic acids 
of the naphthalene series; indophenols; and azines. For polyamines and 
aminophenols liable to decomposition, it is an advantage to add the 
nitro compound to pol^^suKide solution, so that reduction is followed 
immediately by thionation; this is true for instance of the outstandingl 3 ^ 
imj)ortant sulfur dye. Sulfur i^ack, which is prepared dircctl 3 " from 
2,4-dinit rophenol. 

J)iphen3damirie derivati\es or leucoindoiihcnols such as (II j are 
prepared by heating the appropriate amine or aininophenol with a chloro- 
benzene derivative containing nitro groups or nitro ind sulfonic groups 
in the a,p-positions. With onl 3 ' one nitro group the reaction has to be 


0,N 



(I) 





NO, 


ai) 


carried out under pressun\ or in the laboratory b}' healing the reactants 
with iodine as catalyst. 2, l-l)initroehlorobenzene (1) condenses readiW 
with amines and aminophenols in boiling aipieous alkali. A convenient 
iiK’thod is to dissolve the aminophenol in water containing sodium bisul- 
lite, add (I) togi'ther with about a fourth of its weight of chalk, and boil 
for 3- 1 hours; (II) separates on cooling tyield 05 Vt ). 

The indophenols (e.g. Ill) required for the preparation of sulfur 
d 3 ’cs are prepared by tw’o methoils: (a) A mixture of a primar 3 " or second- 
ary amine with a free p-position and a ?MiminophenoI, or a mixture of a 
phenol with a free p-position and a p-tliaminc, is oxidized. The usual 
oxidizing agent is alkaline h 3 ''j)ochlorite at 0®. For the indophenol from 



(6) lilOS 983, (7) BIOS 1166 ami (8) FIAT 1313 11, 111. 
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diphenylaminc-Mulfoiiic acid manganese dioxi(ic can be used.® (b) A 
secondary or tertiary amine (o.g. diphenylamine; dimeihylaniline, 
carbazole) with a free />-position is condensed with a p-nitrosophenol in 




NO H- Q 

NH, + ^ 


= 0 

OH 

OH 




NK >-0 


Me, NH -O OH 


•IN) 


presence of concentrated sulfuric acid; or a p-nitroso tertiary ainitu* is 
similarly condensed with a phenol having a free p-position; of these two 
alternatives the former, using p-nitrosophenol, is the preferred mi^thod 
The indophenols are easily reduced (iron and acid; neutral or alkaline 
hydrosullite; sodium sulfide) to the leuco compounds (eg. IV). Tins 
reduction is the first stage in the thionation of an indoiihenol, and fre 
quently it is preferable to prepare the leuco compound first and carry out 
the thionation as a separate stage. Thus (IV) is manufactured h\ 
dissolving p-aminodimethylaniline (173 kg.) in water (10000 1.): and 
adding phenol (120) in w^ater (400), ice (0000) to bring the temperaini(‘ 
to 0°, sodium bicarbonate (124), and a mixture of sodium hypochlonlt 
solution (loOO 1. == 213 kg. chlorine) and 33®Bf caustic soda solution 
(223 kg.). The temperature rises to 7° and the oxidation is alin()>l 
instantaneous. The precipitated indophcnol is filtered, washed and 
digested for 2 hours at 50-00® with a solution of crystalline sodium suUi<lf 
(330) and sulfur (04) in w^ater (940); (IV) is now' in solution as the sodium 
salt, and is precipitated by screening the solution, cooling to 15® and 
adding sodium bicarbonate (280 kg.). The yield is 79% on the phenol. 

The indophenols are usually blue in color, while the leuco compounds 
in alkaline solution are pale yellow'; reoxidation can be readily cfTecti'd 
The indophenols are unstable and highly reactive compounds, f-ilvc 
other benzoquinone and naphthoquinone derivatives, they can undergo 
addition reactions involving nuclear substitution; thus they react wilh 
sodium bisulfite under suitable conditions to form sulfonic acids, a 
of which are useful for sulfurization. 

Conditions of thionation. In a thionation process the condition^ 
have to be carefully specified and controlled, since the same intermediaK' 
can often lead to a variety of shades in accordance wdth the relati\f' 
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proportions of sodium sulfide and sulfur, solvent if any, temperature, use 
of pressure, and addition of metallic salts. Further alterations in shade 
can occur by submitting the thionated product to other treatments, 
especially oxidation. In general there is a deepening of color with more 
vigorous conditions of sulfurization, because of a crmliiiiious increase in 
the size of the molecule through the intervention of sulfur atoms and the 
formation of sulfur-(‘on1aining ring sy.stems. Tnder modern conditions 
of dyestuff manufacture, intermediates of high purity are employed, and 
by stri<*t adherence to operating procedures uniform products of repro- 
ducible quality are obtained. 

The main thionating agent is sodium polysulfide, prepared by heating 
sodium sulfide and sulfur, but sulfur alone is used for some dyes. It has 
been stated that the iron content of sodium sulfide is an important factor 
in determining the (piality of some dyes, the 10 specification was a 
maximum of 0.03% iron in sodium sulfide crystals, and if still lower iron 
content ^^as necessary, sodium polysulfid(‘ was prepared from caustic 
soda and sulfur.** Xitro compounds arc liable to explode with elementary 
sulfur, and aqueous sodium polysulfide is a safer sulfurizing agent which 
enables the reaction to proceed smoothly to the desired stage of thiona- 
tion and the progress of the reaction to be followed readily. Fusion with 
>.ulfiir is suitable for sulfur dyes of the thiazole type (Primulinc analogs), 
which constitute many of the yelloAv, orange and browm dyes of the 
scries Sulfur dyes ha\'e been prei>ared hv passing vapors of organic 
compounds over molten sulfur.** Sodium monosulfide can also yield 
sulfur dyes at liigh temperatures; under these conditions the sulfide 
undergoes conversion into sulfites, thiosulfates and oolysulfidcs which 
are the effectiv'e thionating agent C'alciiim polysiilfide has been 
mentioned.*** In thionating nitrophenols the aildition of a thiosulfate 
accelerates the reaction and gives blacks free from uncombined sulfur, 
with improved shad<* and solubility ** Copper salts (mainly the sulfate) 
may be added to the fusion mixture: tlie action of copper is to give 
yellower reds, redder browns and violets, yellower greens, and greener 
blacks. The introduction of copper into the fusion mixture can also 
materially alter the dyeing properties. I'hus Immedial Black, prepared 
hy heating (II) with sodium sulfide, changes to blue when it is treated 
"ith an oxidizing agent (e.g. hydrogen peroxide) in aul)stance or on the 
fiber; but when the same thionation is effr<^‘tcd in presence of copper, the 
hlaok is no longer susceptible to color change by oxidation. 

" l^tlrruT el «/., JACS 62 , 1005 (1940); f6iV/. 62 , 8388 (1930), USP 1,884,762; J. Org, 
Chem, 16 , 177 (1950). 
f’-llH, USP 1,187,614. 

" Pont, BP 364,048. 
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Other additions, which have been suggested with the object of modify- 
ing the shades or assisting the reaction in other ways, are the salts of 
zinc, chromium, manganese and iron, or the metals themselves; com- 
pounds of molybdenum,^- tungsten, uranium, vanadium, antimony, 
phosphorus,^** and mercury;*^ and potassium cuprocyaniile.**^ Tlit' 
addition of zinc salts in the thionation of 1,8-naphthalene derivative^ to 
form blue dyes prevents the formation of l)ro\\n impurities. In the 
fusion of an indophenol to a blue dye, manganous sulfate is a u.sctul 
addition. An oxidizing agent (e.g. sodium nitrite) may be a<lded loi 
completing the oxidation, particularly for black dyes. 

Although water is adequate as the medium for many thionation^ 
some are best carried out in alcoholic or aqueous alcoholic solution 'I'liis 
is particularly true of the sulfurized vat tlyes, su(*h ns Ilydron Hlue, v\ hoM‘ 
purity is considerably improved by using an alcoholic* solvent ; the dc^sinvl 
shade and dyeing properties are indeed unobtainable otherwise. Tlu' 
low temperature (about 80°) at which thionation in (‘thanol solution l^ 
effected necessitates prolonged periods of reaction, but this disadvanlju*! 
is more than compensated by the purity of the dye and its ready s(»pain- 
tion in easily filterable form. Butyl and amyl alcohols, glyccuol, phenol 
cyclohexanol,*’* cellosolve,^-' petroleum oils-^ and tlie product obtaun J 
by heating ethylenediamine with sulfur (which functions also as thionai- 
ing agent)-* are among the solvents which hav'^e been suggested Butiinol 
was generally employed by the Kt. The addition ot sodium nitiite lo 
some solvent thionations cfTc’cts a considerable reduction in time ^ 

Manufacturing methods®^** fall into two distinct (‘lasses: (I) cln 
heating or baking; and (2) heating the reactants in solution The Icmii- 
perature of thionation is a vital factor since the yield and shade of iIh‘ 
ultimate product are materially affected by changing the iempt'ratiuc 
the same thionation mixture may give a blue, green or brown dye at 
relatively low' temperature.s and a black at high temperatures, ('ast-iion 
vessels are suitable for both the procedures; but in view' (3f the colT()^l^c 
character of thionation mixtures, iron alloys (e.g., with a content of up 

'* K;, bp 359,254, 359,273; 3.59,279 

IG, FP 707,027; 705,930. 

Bolotina, HP 50,611. 

** Wutke and Haggc. IJSP 1,609,927. 

Bayer, DRP 1 16,655. 

StD, DHP 222,406; FP 406,225. 

»IG, BP 319,860. 

Johnson, Strouse, and du Pont, U8P 2,12.5,924, Lubs, Strouso and du Pont, I 
1,944,250; du Pont, BP 388,814; ICI, FP 772,160. 

*« Nikolaev, RP 40,474; National Aniline, BP 181,673 

*' Norman and Tndii.stnnl Dyestuff Corporation, TSP 2,136,016 7. 
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to 33% chromium mid 2 2.5% carbon) and other special materials of 
construction have been considercHl.-*- In the baking or dry fusion process, 
carried out at high temperatures (200 300°), the heating may be carried 
out by direct fire or by means of an oil jacket to avoid local overheating. 
lOiloctive agitation of the mixture is necessary, and heavy duty agitators 
or rotary bakers containing balls or rods may be used. For the second 
process of condensation in solution the stanclard type of plant is a 300 
2000 gallon reaction kettle (which may be lead-lined), jacketed for super- 
heated steam (about 100 lbs. pressure), and jirovide*! with a mechanical 
agitator, reflux condenser, manhole for the addition of the reactants, 
thermometer tube, and an inlet tube for applying suction or compressed 
iiir. For aqueous or alcoholic sodium polysulfidc fusions, sodium sulfide 
and sulfur are first digested until a solution of the prilysiilflde is obtained, 
and the intermediate to be thionated is then added. Thionation in 
aciueous or alcoholic solution under ndlux, so that d\e formation takes 
place at about 100°, is (‘.specially valuable for sulfur blacks, blues from 
iridophenols, and violets from the azines 'femperature^ of 100 130° are 
gc'iK'rally sufficienl, but if higher temperatures are necessary the reaction 

carried out under pressure iu an autoclave* Heating the aqueous or 
<ilcoholic solutiem under pressure soni(‘tim(*s leads to products with 
unproved tinctorial value. Immedial ]Ma(*k, prepared in this manner 
fioin 2, 1-dinit ro-4Miydroxydiphenylamine, separates as a crystalline, 
dark blue lustrous powdt'r dyeing \(‘ry intense black shades.- 

'rhe production of sulfur dyes is always carried out by batch processes, 
hill continuous processes have been suggested.'* 

The progress of the reaction is followed by dissolving a sample in 
\\at(‘r or a(pieous sodium sulfide and oariying out a dyetrial; or by 
piccipitating the dye and ex(*ess sulfur with acid and then estimating the 
unihionated amine in the acid filtrate. Depending on the nature of the 
intermediates, the usual method of diazotization and titration with 
alkaline i3-naphthol or colorimetric methods based on conversion into azo 
dye's or indophenols may be employed. The method of isolation of the 
dy(' varies according to the process of thionation and (he character of the 
dy(‘.stutT. Products of (he baking process may be merely ground up and 
^standardized, or they may be boiled with caustic soda or sodium sulfide 
‘"'ohiticm and treated like the wet fusion products. 'I'he dye may then be 
pr(*cipitated from the alkaline solution by acidification, or In air oxida- 
fioti and salting out if necessary. Alkahne air oxidation, e.g. in the 
tliionation of hydroxydiaryhiniinos, results in brighter shades. Filtra- 

t*»‘ishko niul Crrac'VbkayM, Org. Chem. linl. (26 (iotas'!. 

Annantov and Hobrovskil, KP 5t,lll. 

^trouso and du Pont, USP 2,156,071; Hess and National Aniline, USP 2,152,693. 
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tion is generally carried out in a filter prcss^ but for products made on a 
large scale rotary filters may be employed. A solution of the dye in 
aqueous sodium sulfide maj’^ be dried down on double drum dryers 
operated at atmospherii* pressure or in vacuum. The dyes are then 
ground and standardized, using sodium sulfate or carbonate (or occa- 
sionally phosphate) as diluent. The teiulency of some sulfur dyes to 
ignite during grinding is minimized by drying to \'er 3 ' low moisture 
content.’* Sulfur dyes may be marketed in \s ater-solubie form by mixing 
them with excess sodium sulfide or hydrosulfide and hygroscopic agents 
(e.g. sodium formate).-^ Stable dispersions of sulfur dyes can be madt‘ 
in primary and secondaiy alkanolamines.^'® 

The hydrogen sulfide evolved during thionation is absorbed in alkali 
to prevent health hazards and to recover the sulfur as sodium sulfide or 
hydrosulfide. The recovery of sodium thiosulfate from aqueous thiona- 
tion mixtures is another important aspect of sulfur dye manufacture 
Thiosulfate of relatively high purity can be readily isolated by evapoiat- 
ing the filtrate from which the sulfur dye has been separated; in the laigc 
scale manufacture of a d^T such as Sullur Hlack, the recovery of sodium 
thiosulfate is a considei’able factor in th<' economy of the process. 

Sulfur dyes other than products of sulfur fusion. Conipouiids < un- 
taining thiocyano (-CNS) or xanthalo ( (\S, OKt) groups funclion 11 *^ 
sulfur dyes, and by using appropriate aromatic or heterocyclic ring sv^- 
tems, dyes with good fastness to wasliing, bleaching and light can hv 
obtained.'® Thus the diamine.s, prepai’ed ))y nnluctmu of the product 
obtained either by nitration of 4,l'-bis-(()-ineth3dheri/othia/yl-2;-a/i)- 
benzene or by oxidation of nitro-2-(p'-aminophenyl)-6-methvIl)cn/(>- 
thiazole with hypochlorite in cellosolve solution, are felrazoti/ed, and the 
diazonium groups replaced by CNS or ('S 2 OKt. The pioducl-^ 
dissolve in aqueous sodium sulfide and act as sulfur dyes, or may he 
hydrolyzed to the dithiols, whieh are o.\idi/ed. foi instance by nitiu- 
benzene-m-sulfonic acid, to polysulfides, vhich are similarly usihI, giMuj? 



N 




c 



CNS 

Me 


orange- 3 'ellou sharles of good fastness to washing, bleaching, and light 
Alternatively, the intermediate may be converted into the disulfonic 

** ICi, m> 119,817, 429,350. 

Conn and American CyananiKl, TSP 2,472,0.52 
*• Haddock and ICI, 17SP 2,439,804 
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by ijulfonatioib or the .same eompoiind may ho produced by oxidizing 
(Ichydrothiotoluidinemonosulfonic acid; the disulfonic acid i« converted 
into the acid chloride with pho.sj>horus pcntachlorido, and condensed with 
thiocyanoarylamines or their .V-.su})stitut(sl rlerivatives The products 
act as sulfur dyes, the thiocyano groups being converted into thiol in the 
sodium sulfide bath. They may be first hydrolyzed by alkali and 
oxidized to polysulfidcws. 

An important advance in th(‘ prcxhu^tion of sulfur flyes has been 
(lescribetl in recent KM-du Pont Patents.'* Organic lives or j)igments of 
tlie antliraquinone, indigo, thioindigo, phthaloi‘yanino, thiazole, indo- 
plii'iiol, acridine, azine, dioxazine, perylenetelracarboxyliiniile, dibenzo- 
pyrcneciuinone, azo. or sulfur classes are heated with the aluminum 
chlorifl(‘-sulfur monochloride complex (AK'lj, 2 S 2 CI 2 ) made by heating 
aluminum chloride (20 parts) and sulfur monochlonde ( 12) at OO 9.>® for 
Ihl hours. For example*, copper phthulocyaninc (oO is added at room 
temperature to the coiniilex (200), the temperature is raisi^l to the boil, 
more of the complex (200) is added, and after boiling for 40 minutes, the 
melt is pi uri d t»ii ice, collected, and washed with hot dilute aqueous 
sodium hydroxide; cotton is dyed bright green fiom a bath of aqueous 
sodium sulfide. Other mi'tallic salts, eg /im* chloride, iron chloride, or 
copper chloiide, may be added toth(»melt Indigo (lOo) and the complex 
(It)l) in carbon tetrachloride (loOO), stirred at 80° for 2 hours, give a 
green dye for cotton. Among other dyes similarly treated are 0.6'-di- 
chloro-4,4'-dimethylthioindigo (bluish-red), carbazole-mdoplienol (olive- 
gicen), 8,8-diamino-4,7-diniethylacridine (reddish yillow ), the azo dye 
( I *iiaphthyIamine-2-suIfonic a<*id - ♦ 2-hydroxy-3-naphlh()ic acid ) (red 
on w’’ool), indanthrone (light blue), and perylenc-3, l,9 lO-telracarboxy- 
Vi-V'-diphenylimidc (red). 

In the phthaloeyanino series (see C'hapter XXXVTI), blue and green 
dvos applicable from a sodium sulfide bath have been made by treating a 
phthalocyanine containing one or more sulfonyl chloride groups with a 
phosphorus sulfide. C'oiiper phthalocyanim* tot rasulfonyl chloride 
heated with phosphorus pcntasulfidi* in nitrob(*ii/ene solution gives a 
Rreen sulfide dye.-" 

Shxdks of SrLFrii Dm.s 

Since little is know'ii regarding the pre(‘i.se constitution of the sulfur 
dyes, while many hundreds have been made, it is customary to classify 
die (‘ommercial dyes of this class in accordance with their color. The 
relative commercial importance of sulfur dyes of various shades is indi- 

w 573,831; du Pont, USP 2,300, »U>0 8, 2,501,153 TP 3000S. 

Wood and ICI, BP 588,696. 
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cated by the 1941 production figures (in 1000 pounds) in the United 
States: Black 17,414; blue 3,044; brown 2,885; green 875; maroon 812; 
yellow 570; olive 397; tan 335; orange 127.®® 

Among the group names for the sulfur dyes of <*ommer(*e are Immcilial 
(C; IG), Kryogene (BASF), Thiogene (MLB), Pyi’ogene (Cb), KclipM* 
(Gy), Thionol (ICI), Thional (S), Katigen ((il)C'), Calcogene (Calco), 
and Sulfogenc (DuP). 

YellowSi oranges, browns and olives. These dyes usually lack light 
fastness, and therefore constitute minor products in llie sulfur dye range' 
They are made chiefly from w-toluylenediamine (V), to \\hich benzidine 
(VI) may be added. By heating (V) with sulfur at 190°, and then heal- 
ing the orange product, m.p. 145°, with aqueous sodium sulfide or sodmin 
hydroxide at 110 120° until the product is solubilized, and iinally pu'- 
cipitating with acid, Immedial Yellow I) (Weinberg and laiiige, 1902 
Cl 948), the first yellow sulfur color of commercial value, was produ(‘(‘d 
By carrying out the thionation at a higher tc'mperatnre (250°). tlu 
product was Immedial Orange C (C; ('I 919). By altering the propor- 
tion of sulfur and thionating at a still higher temperature, yellouisli 
brown dyes can be ol)tained. Various yellow.s aie obtained by healing 
V-acyl diamines with sulfur. An example is I^clipse Yellow (J (Gy, (M 
951), prepared by heating the mono- or diformyl derivatives of m-tolu\l- 
enediamine with sodium sulfide and sulfur in a(pieous solution, and then 
at 240°; the intermediates are made by the action of boiling formic acid 
on the amine.**® A eompoimd of the eomposition ((^tHiiXuSr Inc' 
been isolated from the thionation product of inonof(>rmyl-w-toluG(‘nc- 
diamine.®* The product from the diformyl eninpound is n'ganh'd 
as a complex polysulfide (Ci 7 ni 2 N 4 S 2 jh (S SIDs (S S SII) , \vhi(li 
oxidizes with alkaline permanganate to a polysulfonic acid (CnllijA 
(SOsIIjio.^^ Thiazole residues are apparently formed in these reactiDii" 
(cf. dehydrolhiotoluidine and Primuline), since a nuclear alkyl oi an 
iV-alkyl group is essential and m-phenylenedi amine itself does not yield 
such yellow and brown d3’'es.*® Such tliionations may be carried out m 
two stages by preparing an authentic thiazole derivative first and tli(*ii 
heating it (alone or mixed with an aromatic amine) with sodium sulfide 
or sulfur. 

In the Pyrogene Yellows (Cb; C'l 954) which wore discovered inoic oi 
less simultaneously with Immedial Yellow I), the intermediates ^\elc the 
SchifT’s bases prepared by condensing w- or p-nitrobcnzaldohyd(‘ 

*» U. S. Tariff Commission., 
soGeigy, DRP 138,839; 146,762 3. 

** Mazumdar and Watson, JCS 117, 8:i0 (1920;. 

« Jaokcl, USP 1,140,745. 
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(VIII) 

NO, 

iiromatic aminos and aminophenols. The < <>rrespon<ling dihydro com- 


pounds or benzylamin(‘s pn^parod by condcuisinf? nitrobenzyl chlorides 
with amines could also be employed. I'hus, (Vll) gave greenish yellow 
iiiid (VIII) yellow dyes."*' p-llydroxyinothyleneanilinc and p'-nitro- 
benzyhdene p-aminophenol led respectively to brown and olive dyes. 
Vlkyl (Cb-4) carhanilales (phenylurethans), o.g. Ph-XH-C'OOMe in 
which the nucleus may contain ^le, XH2 or oth(*r substituents, give yel- 
low to orange dye.s.^^ Aryldiguanides, mixed with benzidine or w-toluyl- 
cnediamine, give yellow’ to orange djes .V-Alkjd derivatives of 
benzidine, the naphthylaminc's and their sulfonic a ids (e.g. 1-ethyI- 
aminonaphthalcne-8-sulforuc acid) yield yellow to brown dj’es."^ Kryo- 
gene Yellow R (BASF; ('I 953) was o])tained l)y heating 5-amino-2- 
nictliylbenziniidazole with sulfur at 200 230°, and then with sodium 
sulfide at the same temperature; the intermediate w’as prepared by the 
reduction of 2, 1-dinit roacetanilide with iron and acetic acid. A free 
aiuino group is present in the d^T, and may be diazotized on the fiber. 
Wh(‘u 5-nitro-2-methylbenzimidazole was thionated in admixture with 
benzidine, a greener yellow was obtained. Fastness to chlorine has been 
claimed for the yellow’ sulfur dyes prepared from .V-alkyl, ar}’! or aralkyl- 
carbazoles, preferably admixed with benzidine or tolidine.^" 

'I'be Immedial Yellows, Oranges, Yellow* Browns and Olives in the 
cuirent I(J range are made by fu.sion with sulfur in a r(M.JT baker. The 
(luantity of sulfur and time of fusion are stated in Table 1." Except 
lor, Yellow' O and HR and Olive ON which are merely broken up and 
nulled, the melts are finally boiled with 15 35 cau^tit soda solution for 
Mweral hours; the dyestuiT is precipitated by acid, filtered and dried. 
Witli some of the Immedials (e.g. Olive FF, Yellow Olive O, Orecn 
bellow’ O), the melt is dissolved in boiling sodium sullide solution. For 
Orange C and RRT, the acpieous caustic soda solution is filtered, .•‘alt is 
JnUk*d, and the solution is dried on a drum dryer. For Yellow Brow'n G, 
Ibe melt is dissolved in aqueous sodium sultide. caust’u ^oda and salt; the 
‘solution is heated to 240° and finally at 210 250° in a rotarv I aker. 

” nnv 135, a35. 

fiigolow and dii Pont, USP 2,231,018 
’ b»K«'iow, Cole, and du Pont, USP 2,2r»3,5(i2 
L)np 20.5,104. 
tWdIa, DPP 175,01 1. 
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TAB1<£. J 



Inter tnedtale^ 

8ulfui 

(kg) 

Tempera- 
ture, "C. 

Tune 
tn houi 

Immedial \ellow D®- 

(V) + (Vi; 




Immedial Yellovi 


(V) -f p-Phen> lencdiamine 




FR« 

Immedial Yolloi\ 


Isitio-acet-p-toluidide + 




FRR® 


(VI) 




Immedial \clloi\ 

G 

Dinitioacetanilide (133) + 

94 (+280 kg 

110 

11 

extra 


phthaiie anhydride (93) 

NaAOH.O) 

1 


Immedial Yellow 


Oeh>drothiotoluidme (98) 

500 

190 225 1 

1 27 

GG 


+ (VI) (77) 




Immedial Yellow 


o-Tolidine (129) + p-mtro- 

220 

180 230 

S 

ftGT 


aniline (55) 




Immedial Yellow 

U- 

- x\< t t-o-toluidide (39) -f 

429 1 

1 245 1 

! 1<* 

extra 


(VI) (12(>> 




Immedial Yellow 


T)ifornul-(V) (100) -f (VI) 

too ' 

170 220 

15 

RR 


(07) 




Immedial Yellow 


Mouotbiourca ol (V) (72)^* 

(>00 1 

200 210 

1() 

RT exti a 


+ (^ II (72) 


[ 220 210 


Immedial Yellow 


(V) (83 5), (VI) (42) -f m. 

(>00 1 

) > 

4RT exti i 


nitroaniline (30) 



Immcniial Yellow 


(V) (117) 4- m-phcnyleno- 

(20 

2i0 250 

Iti 

CRT extra 


(liamiiic (58) 




lrnme<lial Orange C 

(V) (135) 

180 

213 220 

10 

Immerhal Orange 

- 

-(\ ) (135) 

180 

250 

I ) 

RUT extra 






Immedial Orange 


(\ ) (80) 4 Diphthalo\l-p- 

3G 

210 215 

1 

Hi Base 


phuiylcnediamine (31) 




Immedial Orange 


2- N it ro-acet-p-toluididc 

112 

180 230 

' 12 

FRR Base 


(12 V 4- (VI) (58) 



1 

Immedial Yellow 


(\) (213) 

450 

210 250 

1 " 

Brown G 
Immedial Yellow 


(V; (160) + 2,0-toluylcne- 

128 

245 

12 

Brow”!! G20 


diamine (10) 




Immedial Yellow 


(V) (30 0) 4 o-ammo- 

135 

220 230 

4 

Brown O 


phenol (7) 



12 

Immedial Yellow 


(\ ) (93.5 or 75) 4 p-nitro- 

380 (or 287) 

106 240 

Olive G, Green 


aniline (47 or 63) 4 p- 

(soda ash 



Yellow G 


phenylenediumine (40 or 
16) 

1 5) 




Baking a mixture of w?-toluylcnediamine (80) and p-nitroanilmc ( 18) 
with sulfur (283) at 200 210“ the product is Immedial.Yellow-01i\o 3(iH 
with increasing proportions of p>nitroaniIine, Olive 2G and Grocn-Yollo" 
G are obtained Olive 3B results from the sulfur fusion of m-diniti<)- 
>* lluf 6 mention"! the thiourea from /vwlidmc for Yellow RT. 
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benzc*ne; Ft extra uses o-toluirlinc and p-phenylenediamine. For Olive 
ON an aqueous solution of p-nitrophenol (150j, sodium sulfide (550), 
sulfur (115) and sodium hydrosulfide (18.5 as lUS; is boiled, concentrated, 
heated to 290° in 17 hours, and finally bak(»d at 290 300° for 7 hours. 
Olive H is prepared by drying down a mixture ot Jmmedial Dark Oreen B 
and Yellow-Brown (1.® ’ 

Diphthaloyl-p-phenylenediamine, reciuired lor Orange FU, is pre- 
pared by heating p-phenylenediamine with phthalic* anhydride and water 
in presence of a little sodium bisulfite at 1 18° uml(*r pressure for 18 hours. 
Baking a mixture of w-toluylenediamine and /Ai-nitroaniline with sulfur 
gives Jmmedial Orange- Brown UL; replacing m-nilroaniline by 4-nitro-n- 
toluidine, the product is the 3HI. brand.® 

When the thionatioii of m-toluylenediamine is carried out in presence 
of oxalic acid, or when the pre-fornied oxalyl deri\ative is thionated, 
dyes (Kclipse Ibown, (ly, 01 937) yielding fast catechu-brown shades 
are obtained. Thiocatechine (StD: 01 93(1; was a brown dye produced 
by heating p-aminoacetii' ilide wdth sodium sulfide and sulfur. The 
influence of the acetyl group is inteiWing since />-phenylenediamine 
iiruler the same conditions gives a greenish-black. When Thiocatechine 
was digested with sodium bisulfite, the product was the soluble Thio- 
cale(*hine S. 

Thion Ikown (K; (T 911) was made from the azo dye obtained by 
coupling diazotized aniline w ith m-ioluylenediamine. Xitroamino- 
diphenylamines yield brown sulfur dyes (e.g. Sulphine I^rown, Cotton 
Browm; 01 938). Inimedial Dark Brow'ii -V (0: C'l 939) was made from 
(II). The thionatioii of 1 ,8-dinitronaphthalene, after prior reduction 
with sodium bisulfite, gave Kryogene Brown A (BASF; 01 940). 

Immedial lirowns (lO) are made mainly by dry ♦.,sion with sodium 
polysulfide, with the addition of copper sulfate in soini‘ cases. Immedial 
Outch BF is prepared by heating the azine (IX) with aqueous sodium 
sulfide, sulfur and copper sulfate at I0»> 107° for 30 hours; the azine 
(IX) IS obtained by the usual manganese dioxide-sulfuric acid oxidation 
of a mixture of 2,4-diaminoacetanilide and 2,(»-dichloro-4-amiiiophenol. 
For lirowm BB a mixture of 1,5-dinitronaphthalene (138), sodium sulfide 
(585), sulfur (238), cresol (75), copper sulfate (34), caustic soda (104) and 
^^alt (200) is baked at 205° for 1 4 hours. /^-Xaphthol, caustic soda, 
sodium sulfide and sulfur at 270 280° give Brown T. Immedial Dark 
Brown S is obtained by baking 1,8-diiutronaphthalene with sulfur and 
^^odium sulfide. The (IL brand is made similarly from l-amino-5- 
iiaphthol; precipitation of the color with acid gives Immedial Fast 
Dark Brown B. Immedial Dark Brown B is prepared by dry fusion of 
(D) w'ith sulfur and sodium sulfide; addition of copper sulfate, caustic 
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soda and dextrose gives Dark Brown A. Immedial Blark Brown A. 
which has good fastness but poor solubility, is made by sulfurizing brown 
coal in a rotary baker with sulfur and sodium sulfide; the (i and CfX 
brands are made from cmdo cresol.^ 

New yellow, olive and luown sulfur dyes with light fastruvss (> 7 ha\(» 
been made by IG by the thionation of decacyclene or its nitro deriva- 
tives.** The hydrocarbon is a product of the action of sulfur or lead 




oxide on acenaphthene at high temperature. Immedial Gutch IHL 
was produced l>y baking decacyelene with five times its w(‘ight ot sulfui 
at 350®. Immedial Giitch BL and Yellow^ Rrowui Gd, w(‘re prepared 
respectively from hexanitro and trinitro derivatives of decacyelene. For 
khaki shades coronene and nitrocoroneues have b(»en {^iggested.^* 

Thionation of w-toluylenediarnine, its acyl derivati\os, G-alkylphenob 
and 2-methylbenzimi(hiz()lo.s has been studied re(‘('ntly by Koiiidii 
Brown sulfur dyes ‘‘fast to washing, chlorine and light’' arc prepared 
by the sulfurization of 9-phenyl-l,2, t-trichIoro-3( l())-ph(‘nothia/oiic, 
which is obtained by tlie cfmden.sation of 2-amiiio-3-m(M*captodiphenvI 
with chloranil.^^ A"-Phenyl derivatives of aminonaphtholsulfonu* and^ 
(e.g. J- and 7-aeid) give brown dyes of “e\(*ellent fastne>s to light and 
chlorine."'** Thionati<m of a mixture of furfuraldediyde and 1-amino-S- 
naphtholdisiilfonic acid giv<*s brown dyes.** Brown to oliv(‘and giav 
dyes are produced by sulfurizing ceramidoninos;*^ and dark blown 

IG, I3UP (>511,075 (>55, IS7, Crt*ncnil Aniline Works, TSP 2,151,51!k 
»«» Dzieworiski, Ber. 36, 0(>2 (PlOlp; xhuL 61, t57 (1018). 

•® General Aniline and Kilm, VSP 2,222,482. 

*®t/. Soc. Chem, Ind. Japatiy 48 , 15 (1015; el seq.; ('hem. Ahstrarfn 42 , 6539 (1018 
Steiger and American Aniline, I'SP 2,112,922 
« Chapman and ICI, BP 418,414. 

** Perkins and National Aniline, (TSP 2,182,350 1. 

Zerweok, Hechtenherg, and General Aniline and Film, USi* 2,321,787. 
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dyes from 4,5,9, J0-dibenzo-3,8-diazapyrenc.-‘^ 2,3,7,8-l)ibenz*)-l,()-diaza- 
pyreiie (X) is obtained in 3'^ield b\^ the oxidnlion of 1 ,5-dianilinonaph- 
thalene with gaseous oxygen in presence of aluminum (‘hloride at 320- 
330°.^® Sulfur fusion of (X) at 220^ gives a yellow isli l)ro\vn dye with 


(X) 



g(K)<l light and wasli lastness and better ehlonm^ fastness than the 
Immedial l-5ro\\ns; but the shades deteriorate on storage,’* 

Red to violet dyes. Nothing appioaehing a f*lear red has been made 
among the sulfur (‘olors, and it is doubtful if such a reaction ean produce 
a bright red. Pure sc'arlet and violet dyes are • unavailable, but 
brownish shades of red and \iolet can b(‘ piepar(‘d bv the tliionation of 
red dyes of the azine class. The re<ln(‘ss and last ness are stated to be 
iinprove<* the adilition of coiipm* and other metallic salts. The first 
commercial dye of this type was Immedial Maroon II (CM (Weinberg, 
1900; (’I 1012), prepared by fusion of th(‘ a/ine (\I ) with sodium sulfide 
and sulfur at about 150®. 'rhionation of (XI) with aqueous sodium 
polysulfide in jiresence of copper sulfate a< I lo® gives Immedial Prune S.^ 
The aipieous thionation ot 1h(‘ azine from w-toluylenediamine and 
p-aininophenol gives Immc'dial Hed Ibown 3H. adding copper, the prod- 
uct IS Immedial Honleaiix Cl Immedial Red Brown OR is prepared by 



the aqueous suliurization ol the a/ine tiom 2,0-dichIoro-4-aminophenol 
and w-tolu.vlenediamine; the effect of the two chlorine atoms is to give 
redness and brightness. Immedial Red Brown ('b3R is prepared from 
the thiazoiie (XII), obtained by the comlensatiou of 3-mercapto-p- 
lohiidine with chloranil.’^ Immedial Red Brown (’L4B is a similar dye, 
prepared from the p-phenetidine analoy of (XII). ^ The azine (XIII) 
(2.10 kg, of 40% paste) from 4-ethylamino-o-tolui(hne and p-nitrosophenol 

Zorwock, Schutz, IlcchtcMiliorg, and (Jpuoial Aniline and I'llni, ISP 2,281,968. 

10, FP 872,005. 

Cleino ami Dawson, JCS 1 1 U (1939). 
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by fusion for 15 hours at 190® with sodium sulfide crystals (1816), sulfur 
(408) and copper sulfate (32) gives Immedial Purple C; the mixture is 
evaporated down until the required boiling point is reached.® One of 
the reddest sulfur dyes, Thiogene Purple (MLB) (Schmidt, 1905; Cl 
1010), was made by heating the azine dye (XIII) with aqueous sodium 
sulfide at 115-135® under reflux or in an autoclave. Thionol Purple 2U 
(Lev.; Cl 1009) was produced by the thionation of the azine obtained by 
oxidizing the indophenol from p-nitrosophenol and the condensation 
product of m-toluylenediamine and formaldehyde bisulfite. Copper, 
cobalt, or nickel salts may be added. Those bordeaux-red dyes become 
bluer by raising the fusion temperature. 

Safranole (XIV), which may be prepared by the condensation of 
p-nitrosophenol with m-hydroxydiphenylamine or the alkaline hydrolysis 
of phenosafranine, yields blue-violet dyes. Thiogene Violet B (MLB. 
Cl 1008) is of this type. Thion Violets (K) (Cl 1007, 1010) were pre- 
pared by thionating various phenosafranines and rosindulines containing 
hydroxyl groups. Thionation of azines such as (XV) or indophenols 
such as (XVI) gives violet dyes of high intensity and good wavshing 
fastness.^® 



Immedial Corinth B (Thiogene Dark Red C, K; Cl 1011) is the prod- 
uct of the aqueous thionation of 2,4-dinitro-2'-hydroxydiphenylaminc or 
the 5-chloro derivative; the dye has poor fastness and is only made for 
shading purposes.®-^ Immedial Violet 2B is prepared by thionating th(* 
indophenol from 2,4-diaminoacetanilide and p-nitrosophenol; the indo- 
phenol (480 kg. of 25% aqueous paste), sodium sulfide crystals (530), 
sulfur (205) and water (100 1.) are heated under reflux for 30 hours at 110® 
(boiling point adjusted by evaporation of the reaction mixture) ; the dye 
isisalted out and filtered; the press cake is stirred up with dilute caustic 


Vlics, J, Soc, Dyers Colourists 29 , 310 (1913). 

«Kalle, DRP 144,157; 152,373, 100,790; 160,816; 165,007; CasHolla, DRP 191,803 
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soda solution and oxidized by blowing air.® Thionation of 4-amino-3- 
niethyM'-hydroxydiphenylaminc (200) with sodium sulfide (260 of 60%) 
and sulfur (429) in boiling butanol (1250 1.) during 60 hours gives Imme- 
(littl Indone \'iolet B. Thionation of the oxazonc (XVH) gives Immedial 
Bordeaux 3BL, which is a l>righl dye of high tinctorial power. 

A new type of red sulfur dye (XVIIl) is derived from 3, t,9J0-peryl- 
enetetracarboxylic or w-aminophenylimide. By tetrazotizing 

such a diamine, and then treating with alkali thiocyanate, ilie hia- 
thiocyano derivative is formed; on hyrlrolysis to the mercaptan and 


(XVII) 

oxidation, a red sulfur dye is obtained, A\hich is applicable in the usual 
way from a sodium sulfide bath and is claimed to be brighter and faster 
than the sulfur dyes previously known. 

Blue and green dyes. Blue sulfur dyes are technically important, 
being next to the bla(*k dyes in production figures. 

Kalischer (1897; observed that the oxidation of Immedial Black FF 
in substance or on the fiber ^^ith hydrogen peroxide converted it into a 
blue (Immedial Blue C; (T 988). The oxidation in substance may be 
conveniently carried out by suspending the thionation product in aqueous 
alkali and blowing air at 40 to®, until the desired shade is obtained: 
Immedial Direct Blue B extra and RL extra (ICt) are prepared in this 
manner.® Thus for Immedial Direct Blue B, the indophenol (II; 1500 
kg.), sodium sulfide crystals (3300), sulfur (1760 in the form of sodium 
tetrasulfide solution, 3900 1.) and sulfur (540) are heated at 106° for 
3 hours, and after adding salt (250) at 109 1 10° for 10 hours. The melt 
is diluted to 9000 1., and the dyestuflf is filtered. The press cake is made 
up with water to 12000 1. and mixed with 28.8% caustic soda solution 
(1050 1.). Air is blown in for about 1(> hours; the reaction is exothermic 
and the temperature is maintained at 40 45° by coil cooling. The dye- 
slufT is salted out and filtered. The press cake is mixed with soda ash, 
and the homogeneous paste (10 45% solids) is dried on a rotary dryer. 
Blue RL is prepared by a similar process with differences in the conditions 
of sulfurization and oxidation.® When (II) is thionated under the con- 
ditions used for Blue RL, the product treated with a solution of ‘‘dithio- 




Haddock and ICI, BP 547,853. 



1076 


SULFUR DYES 


glycolic acid^' prepared from chloroacetic acid and sodium polysulfide 
at 95® for a few hours, and this condensation produ(‘t then oxidized, 
Immedial Direct Blue 3RI., which dyes a much redder blue than Blue RL, 
is obtained.** 

An early discovery of a reddish blue sulfur color was Pyrogeno Direct 
Blue (Cb) (Bertschmaiin, 19(X); Cl 950), prepared from the diphenyl- 
amine derivativT (XIX) or the parent dinitro compound (II) by heating 
with sodium tetrasulfide and alcohol at about 1 to® in an autoclave. The 
bluish violet shades, intensified by aftertreatment with hydrogen perox- 
ide, were claimed to be fast to chlorine, light and scouring agents. 
When the thionation temperature was raised to 170®, Pyrogenc (lre>, 
which was no longer affected by oxidizing agents, was produci'd. When 
(XIX) was heated with carbon disulfide and the thiocarbaniid(‘ thionated, 
a bluish-gray dye, Thion Blue B (K; Cl 9(>2), changed to pure blue on the 
fiber by treatment with hydrogen peroxide, was obtained: aftertreat meni 
with stannic chloride iiicreaseil the fastness.^' 'Fhe first pure blue siiltur 
dye, however, \\as Immt'dial Pure Blue (C) (Weinberg and Her/. 19(M). 
Cl 957), obtained from the leucoindophenol (IV) luNiteMl with .sodium 
sulfide and sulfur in aqueous .solution at 110 115® ImnuHlial Brilliant 



Blue CI3 (Kj) is now made by the thionation of (IV) (titiO kg.) wiih 
crystalline sodium sulfide (900) and sulfur (572 in the foim of tetra- 
sulfide liquor and sulfur) in boiling alcohol (OtiO) for about a week. The 
alcohol is distilled off, the residue diluted with water aiul the dye precipi- 
tated by air-blowing and subsociuent addition of hydrochloric acid (00) 
The still alkaline suspen.sion is diluted, filtered, and tin; dyestuff dried 
at 60°.^ Eclipse Blue ((}y)(Ris, J90J; ('I 958) was prepared from (IV) 
by converting it into a sulfonic acid by means of .sodium sulfite, thionat- 
ing the sodium salt with sulfur and erystalline sodium .sulfide a1 about 
140®, and precipitating the dye by air, hydrogen peroxide or alkaline 
hypochlorite. The pure blue, shades on cotton were claimed to be veiy 
fast.^® The bi.sulfite compound, CuTIuOXoSa, XallSOa, 21120, w^as the 
first crystalline derivative obtained from a sulfur dye,®** but Cnehm and 

»«Cassella, DUP 137,784. 

” Kallc, DRP 139,099. 

M Geigy, DRP 129,325. 

“ Cassella, DRP 134,947, 
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Hots** have m'orclcd analytiral figures whieli are not in agreement with 
this formula. 

The indophenol from 7>-aminophenol and o-toluidine, which is the 
interme<liate for Iminedial Indone \iolet 1^, gives wilh afpieous sodium 
polysuHi<le blue dyes, Iminedial Indone H, 2K (C'l OoD); the variations 
in the tone are produced by slight changes in the thionating conditions.® 
'riiese dyes have remarkable affinity for the cotton fiber.”®® The 
analogous dye from (XX) is Pyrogene Indigo (Cb; Cl 9t)l); the thiona- 
tion is efTecled in al(*oholic solution with sodium pentasiilfide at about 


PlilIX O NH <3 on 


eXX) 




LXXI) 


Me 

ClI,CIlaOH 


I2(r under pressure. Iminedial Indone HBK and IHX are IG dyes made 
from the .same intcumediate (XX). Other examples of Iminedial Blues 
made from leucoindoph«‘nols are: New Blue BL (/>-\itrosopheiiol + 
diphenylamin(‘-4-sulfonic acid); Xew Blue FBL (p-Aminophenol + 
dij)henylamine-t-sulfonic acid); Xew Blue G and Indogen BT (Phenol 
-[- p-ainin<)ph(‘n()l; this is a true indophenol, as distinct from the others 
which an* indoaiiilines) ; X<*vv Blue 3G1. (p-Xitrosot)henol + diphenjd- 
amine-u-carl)oxylic acid). Iminedial XVw Blue 4G1., the thionation 
juoduct of (XXI), and Iminedial Xew Blue fiGL, tin* thionation product 
of tlu* indophenol from l-acetamidodiphenylamine, are new dyes which 
do not bronze in heavy shades, but ha\e '^lightly lo\\(*r washing fastness 
than some of the older linmedial Blues. Dyes made similarly from 
l-a(*(*tamidodiphenylamine-2-carbo\ylic acid and 2-sulfonic acid have 
l>c<*n found to have very good fastness to light. In the preparation of 
indophenols from sulfonaled diphenylamines by oxidizing mixtures with 
p-aminophenol, tlu* (puility of the inangancM* dioxid*^ used for o.xidation 
is very critical. 

Greener blm*s are obtained from a naphthalene intermediate. Aque- 
ous sulfurizatioii of the leucoindophenol from mi.xed (^leve acids and 
p-aminophetiol gives linmedial (Jreen-Blue CV: using (leve-fi-acid, the 
product is Immedial C'hrome Blue.^ Iminedial Indogen RCL is from 
(XXIV).® The product of the thionation of 1 ,r)-dinitronaphthalene in 
prc'sencc of zinc chloride was marketed at one time as Melanogen Blue 
(MLB; Cl 9()5). The dye may also be prepared by thionating the inter- 
mediate (probably XXII) for Naphthazarin, obtained by dissolving 
<linitronaphthalene in warm concentrated sulfuric acid, treating with 

''•L prakt. Chnn. 69 , 160 (1001). 

Cassclla, DRP 190,963. 
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hydrogen sulfide or a metal sulfide, diluting and precipitating with zinc 
chloride. Melanogen Blue dyed greenish-blue shades, converted into a 
bluish black by aftertreatment with copper sulfate. Kryogene Blues 
(BASF; C"I 904) were similar dyes made from a mixture of 1,5- and 


(XXII) 




(XXIII) 


1 .8- dinitronaphthalene. Blue sulfur dyc's applicable to wool as acid 
colors are obtained by fusing a-naphthylamine-4.8-disulfonic acid or 

4.6.8- trisulfonic acid with sulfur and alkali.^* 

immedial New Blue 5R, w'hich gives unusually bright and strong 
shades,’’ is made by the thionation of the oxazone (XXIll).^ 

Green dyes are usually obtained by adding a copper salt to the thiona- 
tion mixture, using suitable intermediates. Thus the thionation of 
p-aminophenol, which yields Vidal Black, gives Italian Green (GI 1002) 
by the action of aqueous sodium polysulfide and copper sulfate Tlu* 
shade changes to blue-black with weak oxidizing agents, and is destroyed 
by stronger oxidizing agents, so that it may be used in discharge printing 
Immedial Dark Green B (IG) is made by refluxing p-nitrophenol with 
aqueous sodium polysulfide.® Eclip.se Green G ((iY) 1901, C4 

1004) is prepared from the sulfonic acid of the indophenol (IV), a green, 
instead of a blue, dye being obtained hy the intervention of a (*opper .salt 
Particularly good fastness to light is claimed for the green dyes prepared 
by thionating indophenols containing an acylamido group.®'* Thiona- 
tion of the indophenol from a-naphthylamine and p-aminophenol with 
aqueous sodium sulfide and copper gives Immedial Green G. Immedial 
Green BB (C) (Immedial Brilliant Green B, IG; Pyrogene (Jreen G, (^b) 
(Boniger, 1904; Cl lOOti), which contains copper in combination with the 
organic molecule, is prepared by heating the leucoindophenol (XXIV, 
from p-aminophenol and phenyl-peri-acid) with sodium sulfide, sulfur 
and copper sulfate in aqueous solution.®® Using a higher proportion ot 
copper, a yellower brand (Immedial Green GG) is obtained; (XXIV) 
(200 kg.), sodium sulfide crystals (560), sulfur (208) and copper sulfate 
(40) are refluxed at 109® for 20 hours; after dilution, the dye is precipi- 
tated by air, filtered and dried. Using slightly different conditions of 

“Kalle, FP 471,230. 

•^Lepetit, Dollfiis, and Gansser, DRP 101,677 
•• IG, BP 604,835. 

w B6niger and Sandoz, BP 11,863; U8P 776,886 
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thionation, Immediul Jinlliant (Ireon (i (or Immedial (Ireen GG extra) 
is produced.’ The 5(1 brand is made from the tolyl analog of (XXIV).** 
Immedial Cireen 2H (IG; is made by a process similar to that used for 
lmme<lial Brilliant Green B, but copper sulfate is omitted.® Thionone 
Brilliant Green G(i cone. (LBll), prepared from (XXIV) by boiling 
with atiueous sodiiim sultide and copper powder (or copper sulfate) at 
120® for 20 hours, has been stated lo be “particularly fast to light and 
washing.’*-^ These are the most important of the sulfur greens. A bright 
gre(*n dye made by thionating the indophenol from A'-p-acetamido- 
phenyl-l-naphthylamine and p-aminophenol has )>etter washing fastness 
than Immedial (ireen G(i, and it \Nas schecluled for manufacture by Ki.** 
Indophenols from l-riaphthylamine-O-, 7-, and 8-sulfonamides, 
carboxyphenyl-l-naphthylamine, and p-hydro.\yethoxyphenyl-a-naph- 
Ihylamine have been used for sulfurization, apparently with the object 
of improving solubility in the dyebath.®" Blue to green sulfur dyes for 
wool and silk have been prepared®^ by thionating an w-sulfoalkylamine 
of the type (XXV) in presence of a copper salt; K = II or alkyl, and 
X = C 2 IG, C’jIIfi, etc ; the jdienol residue may contain one or two 
lialogen atoms. 

The indophenol from 2-anilinoa(*ridone and p-nitrosophenol gives 
a green dye with good light fastness.®’ Periinidine (1,3-ptrf-naphtho- 
diazine) derivatives, such as (XXVI), give green dyes. Immedial Green 
HT extra is prepared by refluxing an ethanol solution of (XXVI) (230 kg. 
of 31.5% atpieous paste), sodium sulfide cone (75) and sulfur (72) for 60 
hours; ethanol is distilled off and the residue is heated at 102 103® for 
12 hours. Immedial Green MK extra is prepared similarly from the 
2-inefhyl derivative of (XX\T).’ Both these dyes were made by IG on 
a small scale. 

•"clu Pont, USP 2,;iI4,025; CliApnian, Wuddington and ICI, HP 406,280, IG, BP 
400,067. 

Bigelow and du Pont, PSP 2.:i35,38l. 

FP 892,109. 
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Thionation of the indophenol from l-amino-5-naphthol and p-amino- 
phenol with sodium polysuHide solution gives a gray dye, Immcdial 
Fast Field Orcy Sodium polysulfide fusion of 3,r),8,10-tetrachloro- 
pyrenc-l,G-quinone gives a groonish-gray dye usefid for dyeing uniforms.^ 
Black dyes, "rhe earlier sulfur blacks, such as Black FF from 

p-aminophenol and Immedial Black FF extra (Immeflial Black V extra, 
IG) from 2,4-dinit ro-F-hydroxydiphenylamine, have been more or less 
completely displa(*«‘d at the present time by the cheaper and faster black 
obtained by the thionation of 2,4-dinit rophenol.®* This dye. Sulfur 
Black T (Cl 978) (Immedial Black NX; Tliionol Black, Byrogene Deep 
Black; etc.) is made by all the leading dye manufacturers, and sold in 
many different brands, varying in the tone of the black and the physical 
form of the dye. Sulfur Black is not merely the most important sulfiii 
color, but (‘onsidering the quantities produced (over lOOOO tons a yearj 
it is the most important single dye of any class; in the I’niled States 
figures for 1941 it represented over 10% of the total tonnage of the 
thousand or more dyes ])roduc(‘d. The commercial imj)ortance of the 
dye is due to its ease of preparation, cheapness, ami dyeing and fastness 
properties. Full black shades are obtained on (*otton by air oxidation 
after dyeing in the usual manner from a sodium sullide bath, and they 
have been stated to be “remarkably fast to light. a(*ids, alkalis, scouring 
and milling’*; this is broadly true, the fastness to light being 7, and tin* 
fastness to other agencies except chlorine being of th(‘ order of 1 ."). 44ic 
chlorine fastness is poor as for other suliide dyes. One (^fsadvanlage of 
some Sulfur Blacks is the tendency to develop sidfuric acid in storage or 
on the dyed material; as a* result there is a tlanger of the tendering of tin* 
cotton fiber. Sulfur Black shades which have be(‘n aftertreated with 
copper salts for improving the brightness, and shades on (M>tton-w()()l 
unions which liavc been cross-dyed with acid colors, are particularly 
susceptible to the oxidation and tendering action. Methods have been 
suggested (e.g., aftertreatment with mild alkali) to avoid or minimize 
the action, but it would appear that it is the quality of the dye which 
matters, since it is possible to prepare Sulfur Blacks which are largely 
free from this defect.®'* Tendering of Sulfur Blacks may also be partly 
prevented by complete oxidation of the dyestuff in tlie interior of the 
fiber. 

Although 2,4-dinit rophenol, sodium sulfide and sulfur are used in the 
manufacture of the various brands of the Sulfur lilack T type of dye, the 

AGFA, DPP 127, :U2; 127,8;jri; Sandoz, DHP Stl), DllP 218,517; Vidnl, 

BP 141,759. 

^Tiittakcr and Wiloork, Dyeing with Goal-tnr Dyo.stuffH, 51 h od., Bailliero, I’indftH 
and Cox, Djndon, HU9. 
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products are chemically by no moans identical; the constitution (as yet 
undetermined) and the composition (including the sulfur content) arc 
variable in accordance with the conditions emj)loyed for Ihionation. 
Ibnve®^ has suggested that the probable mechanism of the reaction 
involves the formation of l-ni1ro-2-aminophenol which may immediately 
condense with sulfur or undergo further reduction to the* diamine, since 
different products are obtained by starting with 1-nit ro-2-aminophcnol 
or 2, 1-diaminophenol. Dinitrophenol is prepared by the hydrolysis of 
2, 1-dinit rochl()rob(‘nz<*ne (free from water and acid; sitting point above 
47°) with boiling caustic soda solution; the product may be employed 
for thionation without isolating the phenol: the (*hloro compound may 
also be used directly by treatment with a mixtuie of aqueous caustic 
soda, sodium sulfide and sulfur. Typical conditions for the thionation 
are as follow’s: (a) heat dinitrophenol (1 part) with sodium sulfide ( 2 ) at 
140° until reduction is complete; add sulfur (1) and podium sulfide (2.5) 
and heat to dryness at 110°; (b) boil a solution of dinitrophenol (30), 
crystalline sodium sulfide (125) and sulfur (45j in water (150) under 
reflux ( 103 for 25 10 hours; (c) heat an a([ueous solution as above, 

but under pressure at about 100°. IVessure sulfurization effects a 
diortening of the time aiul a slight saving in steam and sulfur; but Sulfur 
Blacks of e(pially good (piality <*an be ])roduced by thionation at atmos- 
pheric ])ressur(*. Shade variations towards nulder or greener blacks 
(e.g., \arious brands of Imniedial Black, such as AWL extra, ML extra 
strong, MO, MOIL MOHR extra strong) are obtained by adjusting the 
conditions of thionati^m and by the addition of picramic acid, dinit ro- 
cresols, /^-naphthol, etc. Thus picric acid is added tor redder blacks. 
The dye is isolated by air oxidatiem, and it may be purified by redissolving 
in aqueous sodium sulfide and reprecipitating. For producing the dye 
in a readily soluble form and for standardization, a solution of the dye in 
aqueous sodium sullide is dried on a double drum dryer. ProdiM*tion of 
Sulfur Black by continuous passage* of a mixture of dinitrophenol. sulfur 
and an aepieous solution of caustic soda and sodium sulfide through a 
reaction zone in which it is exposed for 10 15 minutes to a temperature 
of 150 100° has been claimed. 

A Sulfur Black with imj>roved exhaust properties is obtained by 
Mi.sjxuiding the dye in water containing 0. 1 to I part of an alkali cyanide 
or thiocyanate at pll 8 to 0.5, and aerating at a temperature above 05°.®* 
Fond(*nsation of reduced Immedial Blacks (from di- or trinitrophenol) 

'‘''•f. Sov. f)ifers Colouriats 33, U (1917). 

•'® Kuznetsov, Silin, and Agaltstw, HP 07,125. 

Bigelow, USP 2,418,816. 
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with formaldehyde introduces — SCH 2 OH groups; and the products are 
relatively nontendering.** 

Hlack sulfur dyes have also been prepared from the dinitronaph- 
thalenes and the dinitroanlhraquinones. 

When carbazole-indophcnol (XXVII) (see Chapter XXXVI under 
Ilydron Blue) is thionated by means of vsodium polysiilfide and copper 

H (XXVII) (\X\1II) 

sulfate in butanol solution under reflux, a black sulfur dy(», Indocarbon 
SN, which has better fastness to chlorine (grade 3) than Sulfur Black T 
is obtained.**** Indocarbon CL is made by the sulfurization of .V-p-hy- 
droxyphenyl-jS-naphthylamine (XXVlll), mixed with about 2.0% of 
4,4'-dihydroxydiphenylamine and 5% of phenol, with sodium sulfldo and 
sulfur in boiling butanol. Indocarbon CL(i is prepared by heating 
(XXVIII) (90 parts), p-nitrophenol (0), m-toluylenediumine (I), caustic 
soda (89) and sulfur (19()) in butanol (450) under reflux (110®) for 30 
hours. Sodium nitrite (90) is then added, and the mixture again refluxed 
for 1-2 hours, diluted with water, and steam-distilled to remove the 
solvent. After separating the dye in a filter-press, the press-cake is 
taken up in water (200) and acidified with concentrated hydrocdiloric 
acid (50) at 00®. The dye is filtered, washed and dried in mcno; the yield 
is 341 parts. Similar dyes (Indocarbon CL fine for printing; Indocarbon 
IB for printing) are obtained by thionating a mixture of (XXVII), 
(XXVIII) and a small amount of m-toluylenediamine. Brilliant 
Indocarbon CLB is made by thionation of a mixture of (XX VH) (8), 
(XXVIII) (04) and p-nitrophcnol (8) with caustic soda (70) and sulfur 
(157) in boiling butanol; the product is worked up like Indocarbon ('1/1 

PaOPKUTlKS OF Si LFl U DyKS 

The storage of sulfur dyes calls for care; closed vessels and cool, dry 
conditions are essential. Even when these precautions are taken, they 
cannot be stored indefinitely, since gradual deterioration is liable to 
occur. Samples have therefore to be submitted to estimation by dyc- 
trial before use. 

Although the .sulfur dyes are prepared from varied types of inter- 
mediates and under varied conditions, their chemical reactivity au<l 

Ballauf, Muth, Scliracizer and Hayrr, DHP 422,168; Hallauf, Mutb, Schmelzor, and 
IG, DRP 431,221 , xMcrte and Kalle, DRP 4:^2,177, Maximilian, Schmidt, Mcrtc, 
and Kalle, DRP 450,861. 
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dyeing properties are very similar, being essentially dependent on their 
eontaining sulfur as suHide or disulfide linkages or thiazole or thiazine 
ring systems. Sulfur dyes by definition are soluble* in aqueous sodium 
sulfide, usually forming colloidal solutions. On reoxidali<jn, usually by 
atmospheric oxygen, the dyes are regenerated. They are insolul)le in 
water, dilute acids, and the common organic solvents, (’ommercial 
dyes may contain water-soluble and alkali-soluble constituents.®^ A 
sample of a sulfur dye may have some solubility in water because of 
incomplete o.\idation, mercapto groups, and the presence of alkali or 
sodium sulfide. Dyes containing free amino groups may be acid-soluble 
and can then dye wool like the basic dyes. 

Many sulfur dyes dissolve in concentrated sulfuric acid, aciucous 
caustic soda, hot pyridine an<l hot aniline: and the characteristic colora- 
tions are sometimes useful in iclentifying the dyes and in defecting mix- 
tures. In examining the solubility of sulfur dyes, particularly in nitro- 
benzene, aniline, pyridine and similar .'Solvents, it is necessary to remember 
the possibility of interaction between dye and solv^ent. This is also true 
of treatrreiu with inorganic reagents such as acids, alkalis and alkali 
sulfite, sulfide, and hydrosulfite. Kven with treatments in which the dye 
can be later recov'ered, tlic soluble substance is prol>ably a deriv^ative or 
fission product of the dye. Reduction (e.g., of the dyes derived from 
dit)henylamine) with ziiu* and acetic a<*id, or stannous chloride and 
hydrochloric acid, often results in degradation, indicattnl by evolution of 
hydrogen sulfide. Alkaline reducing agents may liberate ammonia and 
effect a profound alt(*ration in the constitution of the dyes. When the 
product of alkaline reduction is acidified, large amounts of hydrogen 
sulfide are evolv(*d; with purified Sulfur lilack for instance, nearly half 
the sulfur content can be accounted for in this manner l)y absorbing the 
hydrogen sulfide in excess of standard iodine solution. Sulfur dyes are 
readily attacked by chlorine, fuming nitric aci<l, dichromate and other 
oxidizing agents, with the formation of oxygenated products, sulfur 
dioxide, sulfur trioxide or sulfates, depending on the conditions of the 
treatment. 

The sulfur dyes are amorjdious, and the X-ra}' diffraction photo- 
gra^>hs are characteristic of non-cry. ^talline substances.^*’- Perhaps the 
only sulfur dye to be obtaiiH*d crystalline is 'I'hiophor Indigo (Carl 
•Iager)2 which is prepareil by the thionation of the indopheiiol (XXIX) 
and is stated to crystallize from benzene in small prisms with a coppery 

('f. Khailov and Ivanova, Khtopchulobumazhnayn I*rom. 7, No. 11, 40 (1937). 

Kierz-David H aL, Heir. Chhi. Acta 16. 287 U932): ibid. 16, 585 (1933); J. Soc. 

Hyers Colourists 61. 50 (1935); Xutunvissnisrhaftni 20, 945-7 (1032). 

Jones and Heid, JACS 64, 4397 (19:12), vt scq. 
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luster. In view of the dye possessing (he indophonol ehanieter of ready 
hydrolysis with acids, the leuco derivative of the dye was assigned the 
constitution (XXX). I'nlike most of the sulfur dyes, Thiophor Indigo 
is soluble in organic solvents such as ether. The solution in acpieous 
sodium sulfide is pale greenish yellow. 

Although dye manufacturing processes are (‘ont rolled and standard- 
ized in order to produce homogeneous dyestuffs with specific dyeing 
properties, the nature of the thionation process indicates that a sulfur 
dye is likely to consist of a mixture of compounds, varying in molecular 
size, sulfur content and other properties. The formation of mixtures in 
sulfurization has Ix'en demonstrated by Jones and lleid,^* and by Fierz- 
David and Bernasconi."'^ The former took great care to ensure that 
time, temperature and the other conditions of sulfurization wer(' identical 
for each batch; but the sulfur content for the dy('s obtained from separat(‘ 
batches varied to the extent of 12%. 'Fhe latter authors examined 
three samples of Pyrogene Indigo: (1) from the melt of the manufac- 
turers; (2) finished in the same plant; and (I^) a similar Fr(*nch product, 
Immedial Indone JBX. After careful purification, the molecular for- 
mulas obtained were (1) (' 3 (dl 2 oX 4 S/)i, (2) (\kHjoXTS and (3) 
C 36 H 22 X 4 S 3 ()ft. So far as commercial dyes are concern(‘d, several ar(* 
in fact preymred from a mixture of intermediat(‘s, and standardization is 
effected solely from the dyeing point of view. Their sparing solidiility. 
tendency to interact with the reagents and solvents that may be used for 
purification, and noncrystallizability render them intractable for isolatiiai 
as chemically pure in<lividuals. 

For some dyes, however, especially in the blue and green series, tin* 
conditions of sulfurization can be so standardized that the results arc 
reproducible under identical experimental conditions. 'Fhe products 
dye the same shade from fresh and standing baths and from the exhaust 
liquors. This led Fierz-David^® to formulate a scheme for the purifica- 
tion of these dyes, the impurities being removed })y exhaustive extraction, 
successively with dilute hydrochloric acid, dilute aromonia, water, 
alcohol, and ether. A few blue and green dyes such as I’yrogone Indigo, 
Immedial Pure Blue, Immedial Indone, and Ilydron Blue have thu*" 
been purified; but molecular weights have not been detormined and the 
homogeneity of the compounds Avas not assessed by chromatographic or 
other methods. In spite of the inevitable limitations of the procedure, 
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Ficrz- David has been able to assign structures to these dyes which largely 
explain their known properties. There are many sulfur dyes (e.g. Sulfur 
Mlaek) which are not amenable to Fierz-David's purification process, 
because after a certain stage of purification they form colloidal solutions 
and cannot be extracted any further; an<l Fierz-David has observed that, 
in general, his method is inapplicable to sulfur dyes other than blues 
and greens. 

Estimation of sulfur dyes. Difficulties in the purificatioii of sulfur 
dyes and the indeterminability of their chemical constitution indicate 
that sulfur dyes cannot be estimated by chemical analysis. The usual 
method of assaying sulfur dyes i.s by dyetrials in comparison with stand- 
ard samples. If the dye (*an be separat<*d from extraneous matter such 
as free sulfur and inorganic salts by extrac‘tion methods, and the nitrogen 
and sulfur contents of the dye are determined, other samples of the dye 
which are assumed to contain the same homogeneotis tinctorial consti- 
tuent may be cstiinate<i by carrying out a dyeing on cotton yarn so as to 
exhaust the dyebath completely, washing the yarn thoroughly, and then 
determining lue Milfur and nitrogen c(mtent of the yarn.'- .Vpart from 
the intermediates which might have estaiped tliionation altogether and 
are in fact very unlikely to be present, the substaiu'es commonly occur- 
ring in sulfur dyes as impurities or as additions made during standardiza- 
tion are free sulfur and sodium sulfide, sulfate, thiosulfate, chloride, and 
carbonate, together with organic sulfur compounds representing inter- 
mediate stages of tliionation as distinct from the essential coloring 
matter. The ‘‘pure dye content of commercial sulfur dyes has been 
estimated"’^ by electrolyzing a .solution t)f tin* dye in aqueous sodium sul- 
fite until oxidation is complete, and weighing the jinM ifiilated dye; plati- 
num electrodes and a current of 8 amps for 80 75 minute's were found to 
he suitable. Precipitation of the dye from aepieous sodium sulfide solu- 
tion hy mc'ans of a basic dye, washing the jirecipitate in a specified 
manner, and weighing the precipitate, and colorimetric methods based 
on air oxidation of the aqueous .sodium sulfide solution until the color 
intensity reaedu's a maximum, have Ix'cn suggested.'* 

Ai’plu’\tion of Si lkx’h Dyks 

vSulfur dyes are nmdily soluble in hot aqueous sodium sulfide, and the 
•'solutions have high substantivity for cotton, d'he formation of a leuco 
derivative or an addition compound with sodium sulfide is necessary for 

Pf. Osipov, Izvrsf. Tckati!. Profit. Tonjor. 10, No. 12, OS U081). 

'’Smirnov, Anilinokras. J*row. 2, No. 10, 28 (10;V2). 

‘ Tou.sfhkof-Vtorov, Rrr. nmt. color 33, 818 (1020): Heloiikii, Mentand Teihlber, 

14, 555 (1088). 
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the dyeing process. Crystalline sodium sulfide (Na 2 S, 91120) or the 
concentrated or '^rock*' brand of the sulfide which has twice the sodium 
sulfide content may be used, and soda ash may be added for flie removal 
of lime salts. A large excess of sodium sulfide will retard exhaustion. 
Dyeing is carried out at the boil, but lower temperatures (about 00°) are 
recommended for a few blue and green dyes. Depending on the depth 
of the shade, 5-40% of common salt or twice this amount of Glauber 
salt, calculated on the weight of the cotton, is used for increasing and 
accelerating the absorption of the dye. The dyed material is then rinsed 
thoroughly; the final rinse for a few yellow and brown shailes is carrie<l 
out with very weak (about 0.02%) acetic acid. \o further treatment is 
usually necessary, but various aftertreatments are sometimes employed. 
Sulfur dye shades are mostly dull; and hot soaping, adding oil emulsions 
if desired, has the effect of brightening the shades and softening the yarn. 
Blacks are aftertreated with sodium acetate or formate solutions lo 
minimize the danger of tendering. Steaming in presence of air, or after- 
treatment with sodium perborate or hydrogen peroxide, imparts a 
brighter and redder tone to the sulfur blues, but the fastness to washing 
is apt to be impaired. Fastness to light, washing and acid cross-dyeing 
is improved by aftertreatment with dichromate and copi>er sulfate, 
subsequent change of shade by slow atmosph(u*i(* oxidation of the d^'cd 
fiber is also thus avoided. An interesting method of aftertreatment is 
to top with basic colors for which the sulfur dyes act as mordants, 
brighter shades \Nith better fastness to washing are thus detained. 

Except the blacks which are used for their cheapness, sulfur dyes arc 
generally unsuitable for viscose, since unlevel shades are liable to be 
produced. 

Sodium sulfide solutions of sulfide dyes are too strongly alkaline to be 
applied to wool by the ordinary dyeing process for cotton, and the use of 
sulfide dyes is largely limited to the dyeing of cellulose fibers. In the 
Lodge-Evans process for dyeing wool, sulfur dyes soluble in aciueous 
alkali sulfites are chosen; the sulfite solution of the dye is then reducecl 
with the minimum amount of sodium sulfide in presence of neutral 
ammonium salts, so that the dyebath is practically neutral and does not 
damage wool. 

The Immedialsols (IG) are mixtures of sulfur dyes with Rongalitc, 
soda ash and a little lubricating oil.* These dissolve readily in boiling 
water and give level dyeings, particularly on Zellwolle, a (Jerman rayon 
made from wood. Twelve. Immedialsols were marketed, and they wen* 
recommended for use on staple liber, cotton-wool unions, and casein 
fiber. Similar Swiss compositions of sulfur dyes have been on the 
" BIOS Misc. Report 20, Appendix 85. Cf. IG, DRP 651,066; USP 2,055,746. 
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market. Thionol dyes (ICI) are water-soluble sulfur dyes, [giving 

clear solutions suitable for dyeing cotton in (*iroulating liquor machines, 
l)ut the addition of sodium sulfide and soda ash is necessary to convert the 
dissolved dye into a product possessing affinity for the cotton fiber. 

Fastness properties. Sulfur dyes as a class exhibit better fastness 
to light, washing and acid cross-dyeing than many direct cotton dyes. 
The yellows, oranges and browns (except for a few of the dark browns) 
have moderate light fastness (3 4); the blues and green.s have a light 
fastness grade of fi; and the blacks have excellent light fastness (7). 
The fastness to washing is uniformly high (4 o). Their main weakness 
is poor fa.sfncss to chlorine, which makes them valueless for materials 
to be bleached. It has been suggested that the fastness of sulfur dyes 
to <’hlorine can be increased by treatment with a melamine-formaldehyde 
resin, which forms a chloramine derivative with chlorine.^® 

Constitution of Sulfur Dyes 

Attempts to determine the constitution of the sulfur colors have so 
far had onl^> liiiutcd success, because of the intrinsic difficulties of the 
problem. The work of Fierz-David and others'® has given us valuable 
(lata regarding the types of linkages and ring systems occurring in sulfur 
(Ives and a broad correlation of such structural features with the color 
of the dyes; but it is doubtful if the usual chemical modes of attack will 
carry us much further, unless they are supplemented by physical methods. 
The colloidal nature of the solutions in sodium sulfide and other proper- 
ti(\s (jf the sulfur dyes indicate that many of them have large molecular 
weights, the sulfur atoms linking up smaller units to form high polymers. 

Tn th(* sulfurization of organic compounds, sulfur enters the molecule 
in open chain linkages and 'or heterocy(‘lic systems. Sulfur in the side 
chain, which is often the major part of the total sulfur in sulfur dyes, may 
be present as mercapto, sulfide, disulfide, poly.sulfide, sulfoxide, and 
(lisulfoxide groups. The ring systems which have been identified wuth 
some certainty are thiazole in yellow^ and brown dyes, and thiazine in 
blue, green and black dyes. Other ring systems such as 1,4-dithiin, 
lA-thioxin and 1 ,2,5-thiadiazole have been postulated; but conclusive 
evidence has not been obtained. In addition to these the sulfur dyes 
iiaturally contain the cyclic skeletons (carbazole, azine, etc.) which are 
I>resent in the intermediates used for thionation. 

Mechanism of the formation of sulfur dyes. Vidars pioneering w ork 
*'clated not only to the technical production of hla(*k sulfur dyes, but also 
included a careful investigation of the mechanism of their formation.®® 
lie regarded the conversion of p-phenylenediamine and 7 >-aminophenol 
’•Undolt, Textil Rundschau 11, 201 (1947). 
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CHART 1 

Formation of Black Dyls from Diphbnylaminb Derivatives (Vidal) 
I Diphenylainine fomiation 



II Thiodiphoiulaiiiim* foiination 



III (a) Thiodiphenvljuiuiu* dori\.iti\(* 



(b) Bluo d\estnfF formation (without hbcration of ammonia) 



fc) Blaok dyestuff formation (with lilieratioii of ammonia) 


HO 
(NH,) 

to diphenylamine derivatives as the first sta^e, confirmed by the forma- 
tion of similar dyes when the latter were used as starting materials; and 
he postulated three stages in the conversion of diphenylamine derivati\e‘' 
to black dyes. 

When aniline is heated with sulfur, a series of products are formed; 
the final thiodiphenylamine derivative is green in color, and Hodgson has 
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obiained evidonre for representing the reaetions by the srheme shown in 
(^hart 2.^’ 

As the result of a study of the decomposition of Sulfur Blacks on 
keeping (spontaneous heating; formation of sulfuric acid; decrease in 
sodium sulfide solubility; lowered tinctorial power;, Perret has suggested 
that Sulfur Blacks do not contain tliiazine rings, but complex poly- 
tlua/ine rings of the type (I), formed through the stages of reduction of 

CllAliT 2 

Action of Si m-i'r on Anilinl 
Aniline + 



dinitrophenol to the amine, introduction of a mercapto group ortho to an 
amino group, polysulfide chain formation, and liberation of ammonia.^'' 
Phains of the type of R -S -S^ SII were probably also present; in either 
sulfur could be detached from the chain by slow oxidation without a 
fundamental change in the main nucleus. If Sulfur Black is prepared 
bom pure sodium 2,4-dinitrophenate and sodium tetrasultide, the mother 
liquor yields nearly pure sodium thiosulfate on evaporation; tw’o sulfur 
utoin.s of the tetrasulfide enter the dye molecule, and sodium disulfide 
ovidizes to thiosulfate (NaoSa Xa^SyO^). 

Uod^bon, J, Sor. Dyers (^olounsts 40, SaO (102 1), ibtd, 42, 7(5 (1926). 

‘‘-'Inn. ckim, apphcalU^ 16, 60 (1926). 
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Kubota^* treated 2,4-diaminophenol and 2,4-<liuitrophenol with 
Na 2 S, at 140® for 5 to 90 hours, and found that the amount of combined 
sulfur was inversely proportional to the time of heating with preparations 
containing a large amount of sulfur. This was attributed to the decom- 
position of combined sulfur during heating. Dyes containing more than 
30% combined sulfur led to greater deterioration of cotton fabrics With 
dyes containing less than 20% combined sulfur deterioration of fihei.s 
was proportional to degree of heating. The constitution of black sulfur 
dyes derived from dinilrophenol was expressed as (11) and (III) 



In the formation of a black dye from sodium dinitrophcnalo and 
sodium pentasulfide, reduction proceeds according to the equation 
Ar(N02)2 + 2 Na 2 S, + 2Il2t) Ar(Nll 2)2 + 2Xa2S20a + 2S, >, and 
immediately followed by sulfunzation, because the sulfur s(d free is in an 
active form.*® A scheme, in which the constitution of Sulfur l^lacU is 
pictured as (IV), has been proposed 



Fierz-David and Ziicher explain the formation of a blaek dye l>v 
intense thionation of a bordeaux-red sulfur dye preparcil from p-anisidinc 
as follows:^® 

Chem. Soc, Japan 66, 565 (1934). 

Khmelnitzkaya and Verkhovskaya, Anthnvkras, Prom. 2, 31 (I932j. 

Anilinokraa, Prom, 6, 67 (1035). 
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Th(‘y .studied the course of the reaction l)y determining the methoxyl 
content as sulfuration proceeded; the products turned blacker and the 
methoxyl content decreased, but the dyO'^ could not be purihed since they 
formed colloidal solutions. They assumed that thioxin rings were 
formed, replacing methoxyl groups. 

Sulfur side chains. The existence of sulfur side chains has been well 
established. They are in the main nonchromophori(*, and their influence 
is on the solubility of the d 3 'e in sodium sulfide and aqueous alkali, and 
partly on the dyeing and fastness properties. The position of the sulfur 
linkages is generally ortho to the amino or hydro.xyl groups. When 
chlorinated intermediates are thionated, the halogen is usually replaced 
by sulfur; under suitable conditions of thioiiation, each chlorine atom 
can be replaced b}' a sulfh^'drie group, so that this provides a useful 
method for locating the position of the latter. Mereapto groups may 
occur us such, or they may be produced by reductive fission of disulfide 
linkages when the dye is dissolved in nqtieous sodium sulfide; in either 
case their presence can be shown by the alkali solubility", alkylation to 
tliioothers, and the formation of thioglycolie acid derivatives by con- 
donsation with chloroaectie acid. However, the presence of a disulfide 
linkage in a coloring matter is not enough to give it the dyeing properties 
of a sulfide dye.®- The high proportion of sulfur in some sulfur dy^es can 
only be explaine<l on the basis of polysulfide chains. Mbhlaus has pic- 
hired thionated phenol as (V) in which .r may" be as long as 8; and he has 
Kriedlander and Mauthner, Z. Farh. Text, hut. 3, 333 (1004). 
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OH HO 
(V) 




IVII) 


suggested that in sulfur dyes containing thiazole and thia/ine sysloiu'- 
there may be polysulfide chains formed by attachment of extranuclear 
sulfur atoms to the ring sulfur. In support of his postulate of pol>- 
sulfide chains he cited the fact that it is possible to increase the chain 
length or molecular size of sulfur dj^es without materially altering the 
color, but changing the solubility and other pro])erties. Jones and 
Reid^' substantiate the existence of polysulfide chains in sulfur dyes con- 
taining thiazine ring systems; when the compounds (VI) and (\7I) are 
treated with stannous chloride and acid, hydrogen sulfide is not evolved 
but the dyes lose as hydrogen sulfide all the sulfur other than the sullui 
in the thiazine rings and the sulfur directly attached to the ring The 
polysulfide bridges account for the large size of the molecules, the colloidal 
character, and many of the other properties. 

Carbon-carbon linkage. From the prodiKds of the chlorination ot a 
sulfur dye prepared from phenol, diphenyl l,4'-disulfonyl chloride, m p 
203®, ha.s been isolated ** *** This would appear to be the only instance in 
which definite proof has been offered for the formation of carbon-caihon 
linkages in a thionation process, although Fierz-David has made this 
assumption in formulating a constitution for a black sutfur dye 

Ring systems in sulfur dyes. The constitution of (hdiydrothioto- 
luidine ami Primuline,*^® clearly proved by the early work of Jacobsen and 
Gattermann, and the resemblance of many of the yellow, orange, and 
browm sulfur dyes to Primuline, have shoAvn the presence of thia/oh* 
rings in these sulfur dyes. The thionation of amines (2, l-toluyU'iie- 
diamine, tolidine and similar compounds containing a <*arbon side-chain) 
proceeds like the fomiation of Primuline, and the products are color e<l 
insoluble substances containing thiazole ring systems. When these aic 
solubilized by treatment with hot sodium sulfide solution, thiol groups 
are introduced an*! the tiue sulfide dyes arc formed. The presem e of 
dibenzothiophene rings, in addition to thiazole rings, has been assumed 
in the dyes formed by thionation of mixtures containing benzidine; the 
two ring systems can be in separate parts of the molecule or fused together 
as in (VIII). However, in Immedial Yellow CKS, prepared by thionaimg 

** Mohlaus and Seyde, Chent-Ztg 31 , 9^7 (J907), MoIiIuhh, Z phymk. Chem 64 , 271 
(1906). 

Poliak, Uiesz, and Nadel, Monlash, 68 - 64 , 90 (1929;. 

Jacobsen, Ber, 22, 330 (1889), Pfitzinger and Gattermann, ilnd. 1003 
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benzidine and dehydrothiololuidine, there appears to be no thiophene 
ring (see latcr).*^® 

Since the constitution of Methylene Blue as a thiazine and the 
mechanism of its formation from the tliiosulfonic acid (IX) were known, 
the fact that Methylene Blue and thiosulfonic acids analogous to (IX) 



could be converted mlo blue, gn^eii and black sulfur dyes by thionation 
processes provided preliminary evidence of the t)resenc»* of thiazine rings 
in su(*h dyes. Thiosulfonic acids prepared from certain indophenols and 
amines give the Methyleiie liliu; tj'pe of blue and black dyes by oxidation 
\Nith dicliroiiiate, aiirl sulfur dyes of very similar shades by thionation; 
the difference is in the dyeing properties. Methylene \'iolet (X) and the 
indoplHmol-thiosulfonic acid (XI) yield on treatment with aqueous or 
ah'ohohc sodium tetrasulfide at about 1 10® a blue dye, similar in dyeing 
properties to Immedial Pure Blue. By the oxidation of (IX) together 
with 2,2'-dihydro\y<liphenyldi.sultide, Meyenberg and Levy obtained a 
blue suHido dye (XII) ; in view of the kno\Mi meehanism of the formation 
of Methylene l^lue and other thia/ine dyes, the rcaetion must take place 
as indicated When Immedial Pure Blue is heated in a sealed tube 



^nc Violet (XIIl) is obtained in 42% yiehl and (XllI) has also been 
prepared from Methylene Blue.”'* Vidal’s experiments on the mode of 

/crworlv, Hitter and Schubert, Angfw. (Item. BOA, 111 (1018). 

* g^n. mat, color. 212 (1902). 

‘Muiehm and Kmitler. Her. 37, 2018, 30:V2 (1904). 
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(XIII) (XIV) (XV) 


formation of sulfur blues and blacks showed that diphenylainiiio deri\a- 
tives were first converted into thiodiphonylamine derivatives. Jonos 
and Reid’^ found that the bordeaux dyes prepared from p-hydro\ydi- 
phenylamine and its p'-mcthyl homolog contained thiazine rings as the 
fundamental structural units; they wTre very similar in {)r()perties to the 
red thiazone (VI) prepared by Bernthsen.'**^ 

Sulfur dyes prepared from fluorescein and certain other intermediates 
are believed to contain thioxanthone rings (XJ V) ; and dyes prejiared from 
diphenylamine disulfide to contain thianthrene rings (XV).®'’ A thuiu- 
threne derivative is produced by the action of sodium sulfide on 2,.‘^-(h- 
chloro-1, 4-naphthoquinone, and by analogy Zeiwveck, Hitter and SchuiuM t 
have postulated the presence of thianthrene rings in dyes such a?. Indo- 
carbon CL, Immedial Pure Blue and flydron Blue, which are tliionation 
products of indophenols. Such dyes can also be prepared by the lurlhei 
thionation of intermediates, which presumably contain the thiantlireiK* 
ring system, since they are obtained hy the action of sodiuin sulfide on 
condensation products of chloranil and an o-aminothiophenol.''® rii(‘ 
experimental evidence for the thianthrene structure 'm discussed nu)U' 
fully in connection with Hydron Blue (see Chapter XXX\'I) 




•* Ann. 280, 182 (1885), Her. 17, 2800 (1884). 
Brass and Kohler, Her. 66, 2543 (1923). 
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Structures assigned to individual sulfur dyes. Immedial Indoiie, 
pieparod by the thionation of the indophcnol (X\"I), was found l)y 
Trank to condense with chloroacotic acid, foiming a readily puiified 
tompoimd (XVII) containing two CHiC'OOH groups Tins acid 
(XVII) gave on oxidation a blue dye, which dyed wool as an acid color 
and did not beha\ e as a sulhde dye The structure (XVI II) was assigned 
to the wool dye, and Immedial Indone and its leuco deinatne were for- 
mulated as (XIX) and (XX) 

The structures proposed by Fier/-DaMd and his collaborators^^ foi 
Immedial Puie Blue, Pyrogene Indigo, Pyiogene (been and Irnmcdial 
Indone JBN, as well as the sulluri/ed ^at dyes Ihdion Blue, (’ibanone 
Yellow U and C'lbanorie Orange H (see C’hapter XXX\ I). ha\e been 
mainly based on elementary analjsis, spectroscopic c\idence, of whifh 
details ha\e not been stated, has been cited in a fc‘w cases The tlna/ine 



m Immedial Pure Blue, Pyrogene (been and Ihdron Blue were 
^^timated by sulfonating the dyes with a mixluie of (*onceiit rated sulfuric 
and chlorosulfonic acid to make them water-soluble, and then 
Frank, JCS 97T, 2044 (1010) 
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titrating them with titaiious diloride. The possibility of the dyes decora^ 
posing during the ueid treatment ami (he recorded results of the titration^ 
indicate the limited value of this method, 'rhe condensation of the Icuco 
derivative of Pyrogeiie Indigo with chloroacetic acid gave a com- 
pound formulated as (XXI), \vhi(*h was considered as confirming tin* 
presence of two disulfide (or disulfoxide) linkages per unit in the dy(* 



molecule; but the instability of the compound and the likelihood of iIk* 
phenolic hydroxyls also reacting with chloroacetic a(‘id render it n(*cessai\ 
to interpret the results with caution, llow’oxer, the (jualitative cvkIcikc 
of the presence of thiazine ring systems is conclusive; the doubtful factois 
in Fierz-David’s structures are mainly the number and nature of the 
extranuclear sulfur linkages. Further, seeing 1 m)w^ readily diphenylaininp 
cyclizes to thiodiphenjdamine, the formation of thiazine rings invol\mi» 
the anilino groups in dyes such as Pyrogene (treen has to b(‘ visuahzc'il 

Keller and Fierz-David attribute the solubility of the Immedial Piuc 
Blue type of dye in aqueous sodium sulfide to n^duction of (luinone grou])^ 
and fission of disulfoxide groups. The colloidal properTies show that thc\ 
are polymers, the polymerization taking plac(» probably through the* 
sulfoxide groups. An inference of KelU*r and Fierz-David is (hat toi 
these Idue dyes (including the Hydron Blue type) the t(‘rininal amnio 
groups must be substituted; primary amino groups lead to black dye^ h\ 
formation of more complex thiazines. 

For the Immedial Pure Blue type of sulfur blue/" Ihiiz and Path' 
propose the structure (XXfl). Tliey prepared the leuco derivalnc* hv 



dissolving the dye in aqueous sodium sulfide and precipitating by nicari^ 
of carbon dioxide and a little hydrochloric acid; this redacted readily 

»' BASF, DRP 167,012. 

»• Ber, Q8B, 309 (1925). 
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(liuzomethano in ether with copious evolution of nitrog(‘n and the forma- 
tion of a pentamethyl derivative agreeing in composition with (XXllI). 
Structure (XX 11) may l)e compared with (XJl) suggest (‘d many years 
earlier by Meyenberg and Levy for a blue sulfur dye.**^ External attach- 
ment of sulfur to (libenzothiazinc units is more pn))>able than the cage 
hyslem in (XXII ). Zerweek, Rit ter and Schubert suggest the following 
hlructure for Immedial Pure Blue, which is in conflict with the claim of 
Binz and Rath that they obtained (XXIIl) by reduction of the dye and 
methylation. 


I 

S 
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For the dyes pre])ar(*d by treatment of diphenylamine derivatives 
\Nitli acpieous sodium poly.Milfule, Jon(‘s ami Reiil suggest thiazone struc- 
tures linked by polysulfide chains, such as (XXIV) for a bordeaux-red 



dye from p-hydroxydiphenylamine and (XXV) and (XXVI) for two 
gi(‘en dyes from 4-amino- 1 '-hydroxydiphenylamiiie. 

lh)lh (he following structures have been suggested by Fierz-David 
fer Indocarbon 

tiiTz- David and Mcrian, Ahriss dcr ('hoinisfhc‘n Tochnologio der Textilfasorn, 
Verlag Birklniuser, Basel, B)t8, p. I Ub See also Fieser and Fieser, Organic 
Chemistry, 2nd ed., Heath, New York, 1950, j). 030. 
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Hiyama asbign« the following structure to Sulfur Black T; v\hen tlu' 
sulfurizing temperature is above 1 10® sulfur also enters the molecule in 
the starred positions.'*-*’ 




OH 


Sulphur Black T 

These structures for various sulfur dyes, including tin* indicated stiuc- 
ture*’® for Immedial Bli^ck V, require to be examined further. The avail- 
able chemical evidence, based on conflicting experimental results, must l»e 


I 

S 



supplemented by X-ray spcctrography and other physical investigations 
Further attempts to purify sulfur dyes have to be made in the IH‘^1 
instance. 

Hiyama, J. Chem. Soc. Japan Ind. Chem. sect. 61, 97 (1948). 
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Zenvock, Ritter, and Schubert®® have suggested that Immedial Yel- 
low (lO, which IS prepared by thionating a mixture of ben/idine and 
(lehydrothiotoluidme, consists of four dyes 'I'hree of the dyes are 
(XXV'II) and its derivatives in which one or both the starred hydrogens 
me leplaced by sulfur, and the fourth is (XXVIII) The degradati\e 


(XXVIII) 


-p<X><Xi' 


„qCC>-CC>0' 


tXX\ II) 


evidence was based on the conveision of the dye^ to the (oiresponflmg 
Ihioglycolic acids bv lediution and condensation with ( hloioatetic add, 
and tlie pioposed stiudines weie conhuned bv synthesis Similar 
atiahsis of Immedial Orange indicated that it consists of six to eight 
molecules of sulfui-substituted m-toluvlen<*diamine joined by thiazolc 
lings The aromatic nucleus mav be simultaneously chlorinated 

Stepwise synthesis of sulfur dyes. In order to avoid the ambiguity 
in the constitution of a sullui dye whuh is inherent when it is prepaicd 
bv a thionation process of heating an inteimediate with sulfui oi sodium 
polysulfide, various methods have been developed for the synthesis of 
sulfur dyes in well-defined stages (^imparison with the sulfur dyes 
obtained by the usual thionation piocesses would then gr^e valuable 
(onfirmatory evidence of the constitution of the latter Among these 
‘synthetical pioceduies, the most impoitant is the Herz method, which is 
also utilized technically in the production of thioindigoid dyes 

Heiz patented the new aromatic siibslantes obtained by the action 
oi sulfur monochloiide (SjClJ on pnmaiy aiylamines and then substitu- 
iion pioducts, containing at least one unsubstituted position ottho to the 
ciinino group**' He suggested that the S SCI gioup enters this 



(XXTX) (XXX) (XXXI) 

hoi/ and Orasbolh Dyestuff Co , USP 1,000,4^2 and others Konig, Bcr 61, 2065 
(1028), see also Hloinquist and Diiiguid, J Orq Chrm 12, 718 (1047) 
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o-position and the product is ben/o-l,3-thiaztt-2-thionium chloride 
(XXIX). The compound (XXIX) had the following properti(\s 
(1) with water chlorine is replaced by hydroxyl; and (2) with alkalis, the 
heterocyclic ring opens, and the products (XXX) condense with iu\ 
alkaline solution of chloroacetic acid to form the o-aminoarylthioglycohe 
acids (XXXI). The value of this reaction in relation to the cliemistrv 
of sulfur dyes was indicated by Weiss,®^ and Weinberg**® used it for the 
synthesis of sulfur dyes. In the hands of Fn^rz- David"” the Ih^iz s^^n- 
thesis has materially increased our kiKm ledge of the constitution of sultni 
dyes. A scheme for the synthesis of an analog (XXXI 1) of Pyrogene 
Indigo is outlined in Chart 3. For the synthesis of dyes similar to tin* 


CHART :< 

SyMUI'^Is Oh \N \n\ 10<. Oh l*YUO(.l \h l\l)I(.o 



commercial dyes obtained through polysulhde fusion (eg. Hvdion 
Blue R), Fierz-David has employed such schemes, but comidete idc'nlitv 
w'ith the commercial dyes could not be proved. Hernasconi has ioi- 
mulated the synthetic analog of Pyrogene Indigo as the hydroxylalcd 
compound (XXXII) containing one hydroxyl group per dibenzothia/inr 
unit; Shibata and Xishi®® confirm this phenolic structure for (XXXIl) 
and a series of similar dyes on the basis of elementary analysis Ficr/- 
David, however, has sometimes assumed the complete identity of lii^ 
synthetic dyes with the commercial prototypes prepared by one-slcj) 
sulfurization, although the analytical figures did not agree; on otlu'i 
occasions he has merely marked certain positions in his formulas widi 
asterisks without indicating their significance. For one dye, he 
formulated a carbon-carbon linkage between pairs of dibenzothiti/uH 
units. 

Z, gea. Texlil Jnd. 32, 588 (1929) 

” Her. 63A, 1 17 (1930). 

••7. Soc. Chem, Itul. Japan 38, Suppl. 41 fl935;. 
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Thionation of carbij/olo-iridophonol uit}) ah'oholic sodium polysul- 
fide f§ives a valnaldo blue dyo, Ilydron Hluo (Haas, 1908; Herz, 1909; 
Cl 909). ‘ This disrovory was a notable development in the production 
ol dyes by thionation, since it was a new type of sulfur-containing dye 
winch could be applied by vat dyeing procc's-^es and had greater fastness, 
especially to chlorine, tlian the normal range of sulfur colors. The 
attractive reddish blu<‘ shades on cotton had advantages over indigo, and 
Ilydron Blue soon became one of the bulk produces of the dyestuff indus- 
ti> An interesting and commercially significant feature of Hydron 
Blue is the u.e uirbazole as a starting material; an outlet for a cc3al-tar 
pioduct which had little use at the time was thus provided, althoiigli the 
picscait position is different. The large demand for Ilydron Blue and 
for other cairbazole derivati\(‘s (eg, letranit rocarbazole; carbazole 
plastics) has led to a search for synthetical methods for the preparation 
<jt carbazole. 

During the same period (1908 1912) in which Hydron IMue and its 
analogs were developed, it was found by Mayer- that the thionation of 
anlhracpiinone deri\ativc\s ga\'e a new class of sulfur-c^ontaining vat dyes. 
Ill (h(‘ present range of Cibanone, Indanthrene and other vat dye scries 
a lew Ixiong to tliis group. 

SiilfurizcHl vat dyes are dyes of complex, but more definite constitution 
than the sulfide dyes, and the probable structures of a few' have been 
elucidated. Thc\v occupy an intermediate position between other vat 
<l>cs and the sulfide cUts; they are distinguished from the former by 
Ihcir inferior fastness properties and the fact that addition of sodium 
Miltide is occasionally an advantage in preparing the vais with alkali- 
hvdrosulfite, and from the latter by thc'ir greater fastness, insolubility or 
sparing ^solubility in sodium sulfide, and by their being dyed from an 
alkaline hydrosuHite vat. Three types may be distinguisheil: (a) sul- 
fiinzed indophenol derivative's, (b) sulfun/ed anthracene derivatives, 
(c) sulfurized diarylaminobenzocpiinone dtuivatives. 

' ^ DRP 218,;^71 ; 221,215: 222,640, 2:18,857. 

' 209,281; 209,23;J; 211,967; 21:1,506 
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SULPURIZED InDOPHKNOLS 

When indophenols are used for making sulfide dyes, tiiey are heated 
with a polysulfide with the approximate eomposition Na 2 S 4 . If the 
proportion of sulfur is increased to NuiSs-s, the products are insoluble 
in sodium sulfide and can only be solubilized by vat ting \Mth alkaline 
hydrosulfite. Thus, when the leucoindophenol, l-dimethylamino-l'. 
hydroxydiphenylamine, is heated with sodium polysulfide approximating 
to about the tetrasulfide, the product is Immedial Pure Hlue; but wlnsi 
the same intermediate is heated w’lth a higher proportion of sulfur, a \at 
dye is obtained. The corresponding thiazines can also b(‘ employed * 
Hydron Blue.^ The outstandingly impoitant .sulfuiized vat tlycs an* 
the Hydron Blues. The pre-war 1(1 pioduction was over 7(X) tons 
annually, the plant capacity being 1000 tons, and the I'nited Stales 
production is about 1500 tons (Hydron Blue R(1 and (lA; Sulfan- 
threne Blue (IR and RNN, So- Dye- Vat Blue RD) 

There are three stages in the preparation of Hydron Hlu(‘ R (.i) 
phenol p-nitrosophonol (I); (b) eonden^ation of (1) with eaiha/olc 
to form the indophenol (II): and (e) thionalion of (II). For the nilrosa- 
tion of phenol, a solution of sodium phenate and sodium nifnte is addcMl 


eXpO ^ “<>'’- 0 ='’ 

H (I) 



to dilute sulfuiic acid at 0° Carbazole and p-nilioMiphcnol aic enn 
densed in concentrated sulfuric acid solution in a lead-lined iron kettle 
provided both with cooling coils and a cooling jacket 'Die ciilaal 
factor IS the temperature, which is best maintained at or 1 elow —20° 
Adequate refrigeration has therefore to be proMded in a Hydron Blue 
plant. The refrigerating plant for Hydron Blue at 1(1 Mainkur siqipln^^ 
caleium chloride solution at —15®. A solution oi earbazole (OS^; puie 
800 kg.) and “anthracene residues’' (8) in 95% sulfuric a<*id (9700), 
prceooled to —28®, is blown into a solution of (I) (070 kg of 
paste = 592 of 100%; 2.5% m excess) in sulfuric a(‘id (^300), cooled 
to —27®. The addition takes 2 to 3 hours. The indophenol condcii'^a- 
tion is practically instantaneous, and can be carried out as a contiiui*>‘i‘’ 
process in suitably designed plant ^ In view* of their tendency fe 

« BASK, DRP 153.;561. 

* For a complete account of the 10 processes for flydron lilue, see BIOS 983; / f H 
1313 II and III. 

» Mdes, USP 1,510,450 
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deteriorate during storage, both (I) and (II) are best used as soon as 
possible after preparation; dry p-nitrosophenol is inflammable on keep- 
ing. From the strong sulfuric acid solution, the indophenol is isolated 
by addition to crushed ice, or as the leuco derivative by addition to 
caustic soda solution and sodium sulfide or to iron powder and water. 
The IG process is to divide the batch into three parts, and run each 
into water (15000), ice (5625) and pin dust (177) at 20-25°; reduc- 
tion to the leucoindophenol is complete after about 6 hours' agita- 
tion. The product is filter-pressed (wooden press with nitrated cotton 
or polyvinyl cloth), washed completely free from acid and iron, and dried; 
yield 92.4%. Drying is conveniently carried out on a drum dryer, and 
the dry leucoindophenol is stable for several months. The indophenol 
(II) <*an he estimated gravimetrically by interaction uith sodium thio- 



biillate, which gives the leucoindophenol thiosulfate (III); the latter i^ 
then oxidized with ferric chloride to the thiazone (IV) which is weighed.® 
Garbazole-indophenol of the appropriate quality for thionation is reddi.sh 
blue in color and soluble in acetone, but the most reliable test is a small 
scale thionation, 1(1 chemists had w'orked out an improved process for 
making Ilydron Blue, in which the .solution of carbazole-indophenol in 
sulfuric acid is drowned in ice and treated with sodium thiosulfate 
(I mole); the thiosulfonic acid thus obtained was readily filterable w’hen 
the reaction mass was heated with steam and it could be thionated in 
aqueous solution.^ 

Thionation is carried out by means of sodium hexasulfide in butanol; 
other solvents such as cellosolve can be used. Butanol (95% strength; 
5000 kg.), sodium sulfide (60%; 1710) and ground .sulfur (2160) are 
digested at 70° for 30 minutes to form the polysulfide. After cooling to 
30°, the indophenol (1800 calculated as 100%) is added, .\fter refluxing 
for 24 hours, more butanol (1500 1.) and sodium nitrite (90) are added, 
and the batch held under reflux for a further 2 hours, ammonia being 
evolved. The solvent is then recovered by steam distillation, for which 
the batch is divided into six parts. Each is pumped into brine (600 1.) 
and water (1200), and di.stilled with steam until a salted-out sample of 

* Kulikov, Trans, Leningrad, Chem, Tech. Inst. 1, 149 (1934), UP 45,022-3: see also 
Dornow, Ber. 72B, 568 (1939). 

'f’/Ar 1818 III. ‘ 
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the disiillale shows no moro butanol. Tho final volurm* is about 3200 ] 
Free sulfur (as well as any sulfide dye) are now removed by healing Mith 
sodium sulfide solution at about 05® for about \\ m ) hours. Two of the 
distillation batches are combined and 100 kg. of sodium sulfide (uystals 
are used. The undissolvod residue is filter-pressed, and washed with 
vsalt water until free from sulfide. The pres.s-eakes from llu' six parts of 
the original batch are now taken together, slurried with water (12000 1 ), 
acidified with hydro(‘hIoric acid (000 800 kg.), and heated at 50 55® for 
30 minutes. The dyestuff is then filter-pressc'd, washed and dried in a 
spray dryer. Tliis product is Hydron Blue H, and a nMlder shade 
(Ilydron Blue KU) is produced by omitting the acid wash. By intro- 
ducing a process of air oxidation of the dye in suspension in aciueous 
sodium carbonate at 30® for a few' hours, betw(‘en the desuiluri/ation and 
acid treatments, Ilydron Blue HC is produc(‘d.'' 

C^arrying out the same thiouation witli the addition of more sodium 
nitrite (seven-tentlis of the indophenol), Ilydron Blue RB is obtaimvl 
Ilydron Blue 3Ii powder highly cone, is ])repared by the lluonalion 
of a mixture of carbazolfMndophenol (U25 kg.), the indophenol (“Imnie- 
dial Violet liase B’\* 150) from o-tolui<line and (f), 1, 1'-diliydiowdi- 
phenylamine (‘4mmedial New^ Blue Base (J’^ 75), and phenol (tiO) in 
butanol (5000) by means of caustic* soda (1335) and sulfur (2120), 
further treatments are as for Hydron Blue R(\ 

Hydron Blue Cl (Cl t)71), a greener lirund of Hydion Blue, js prcpausl 
by thionating the indophenol from X-ethylcarba/ole,'*lidnii\cd with a 
tenth of its weight of /lihydroxydiphenylamine. Hydron Blue (14’ 
the product of thionation of the same indoplieuol and 15^^ of ph(‘nol with 
sulfur and caustic soda in butanol solution. The Hydron Blue^ aic 
mixed and ground for standardization in an atmosphere of nitrogen. ‘ 

A sulfurizcd vat dye of the indophenol tyj)e, wliich is how(‘\er not 
prepared from an indojihenol, is Hydron Printing Blue 3R (Indaiithrcnc 
Printing Blue 3R) (1(1).® The method is to condense* chloranil with the 



(V) Indanthronc* Printing Hluo 3K 

zinc salt of 3-chloro-l'-amino-3'-mercapto-5'-mothyldiphenylarnine (\ ' 
in alcohol. 

* According to BIOS 983, how'cvcr, the C in RC nioroly indicates that the ct»lor is niiuK 
in spirit C (butanol), and the U and IIC brands arc practically identical. 

BIOS 987. 
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CJreen dyes of the Hydron Blue type are produced by u.sing iiajihtho- 
cjirbazole and dinaphthocarbazole in place of carbazole, and adiling 
copper salts in the sulfide fusion.^® 

The constitution of Hydron Blue. Th(‘ eieineiiiary analysis of 
Hydron Blue, purified by a method of exhaustive* extraction (see C'hapter 
XXXV), correspon<ls to the formula The dye mole- 

cule is probably a polymer of this unit. When the dye was solubilized 
by heating with monohydrate and chlorosulfonic acid at 90 95® for 20 
hours, and the aqueous solution titrated against titanous chloride, 
Fierz-i)a\id and Bernascoiii found that the titer indicated the presence of 
lA\o thiazine rings per unit of the dye nndecule. Attempts to reduce the 
dye to a in(»rcaptan by rneaii^- of glucose and alkali and prepare a thio- 
glycolic acid liy conden.''ation with chloioa(‘eti(* acid were unsuccessful, 
since the product was very unstabh* 'I Ik* (‘on^titution of Ilydion Blue 
was then approac'hed fioin the synt)K‘lic angh* ‘ .‘l-Amirio-2-mer- 
captocail a/ole was made trom Il-aminocaibazole by the Her/ method. 



and coiulensed with chloiaiiil to t\>rin the thiazone (\'l ) ’’rreatment of 
A I j with sodium tetrasulticU* gave a dye which analysed (*orrectly for the 
iitnicture (VII) and resembled Hydron Blue in its dyeing properties. 
^\hen the synthesis was repeated, using triehlorotoliiquinone and 
di(*hIoio-/>-\vlo(juinoiie respecti\ely in plac ' of ehloranil, the first product 

‘’b;. HPa8I,2<»5. 

’ f'UT/-l)a\ul et nl , ./. Sne, Dyris Coloun'its 61, 
bwainn, Nimyahu to KogkO {Srnorr nufi I mi ) 16, 2S0 (lUll) 

‘■‘‘^Inhuta atul Nislvi, J. Soc. Chnu Imi. Japan 38 Siippl Hin<t tl 
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had poor tinctorial power, and the second did not behave as a sulfide oi 
vat dye at all. On the basis of these results the structure (VIII) was 
assigned to Hydron Blue; similar structures were suggested for Immedial 
Pure Blue and Pyrogene Indigo on analogous grounds 

The constitution (VIII) for Hydron Blue can be valid only if n stands 
for two, or if polymerization has taken place by a carbon-carbon linkage 
at the starred position The latter possibility is unlikcdy on the assump- 
tion that Hydron Blue and Immedial Pure Blue aic similailv constituted, 



since Gnehm and Kaufler'^ biominated Immedial Puie Blue and olilaiiiiMi 
(IX), the constitution of which is shown by its being the product of the 
bromination of Methylene Violet The absence of carbon-caibon link- 
ages betw’ecn the indophenol units has been confirmed by the fact that 
Raney nickel reduction of both Hydion Blue and cailTazole-indophenol 
gives the same product/® The thionation products of the indophenoB 
obtained by the condensation of carbazole with 5-nitioso-o-cres()l and 
6-nit roso-w-cresol respectively have dyeing properties veiy diHeu'iit 
from and inferior to those of Hydron Blue, the shades being weak gun 



* I 

Ber 37, 2618 (1904). 

** Shah, TOak, and Venkataramaii, /Vor. Indian Arad Sci. 28 , III (1948). 
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and grayish blue. This indicates that all the three vacant positions in 
the quinone residue of the thiazone (IV) are necessary for the formation 
of Ilydron Blue by attachment of sulfur. The constitution (X) for 
Hydron Blue accounts for the available data better than (VIII). 

According to Zerweck, Ritter and Schubert Hydron Blue has the 
structure (XI) containing thianthrene rings, and similar structures have 
been proposed for other sulfurized indophenols.^^ Their suggestion is 
based on the following considerations, but experimental details and 
analytical data have not been provided Sulfur must enter the I-, 2-, 



and 4-positions in a thiazone such as (\ 1), sin(*e the pioducts did not have 
the dyeing properties of the Immedial Pure J^lue or Ilydron Blue type of 
dye if one of the three positions was lilocked by a methyl, phen> 1 or other 
group irreplaceable by sulfur, this ha'^ also been shown by other workers.’^ 
Trichloro-Methylene Violet reacted with tnthiocarbonate to form (XII), 
and sub.sequent reduction and mild trealinenl with Modium sulfide ga\e 
(Xlll) The trimethyl ethei ol (XIII) was <*rvMalli/e(l and analysed. 
Oxulalion of (XIII) yielded a polv-disulhdc, which dissolved in aqueous 


\Ie,N 



vXII) 


SH 


...ccx): 


SH 


vXIlI) 


sodium sulfide more readily than Immcilial Pure Blue and had inferior 
dyeing properties (contrast Mcyenberg and Levy’s work mentioned 
earlier). However, Zerweck H al. do not exclude disulfide linkages from 


Angew. Chem. $0A, 141 (1948). 
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the structures for Immedial Pure Pluc and Hydron Blue, although the 
leuco (‘ompounds condense with chloroai*etie acid to di- and not tctra- 
aeetic acids. They believe that positive evidence for thianthreno rings 
is provided by the formation of the thiiinthrene (XIV) from 2,3-dichloro- 
1,4-naphthoqiiinone/'^^ and a crystalline sul)stance regarded as (XV) and 



obtained m 45^ o yield trom l,2,l.-tnchloio-7-methylph(‘n()thiazone 
(XVI). The evidence for (XV) was that analysis indicated two chloniu' 
atoms. The absorption of oxygen by the lhianlhrcn(‘ rings to iotni 
bi.s-sulfoxid<*s and the addition of sulfur at the disiiUah* bndges to iorni 
polysulfides aie considered by Zerweck (t al. to l>e plTenonnuni winch 
account for changes in , the properties of sulfur dyes during storage, 
drying, vatting and otlier processes. If Ilydron Blue can be synthesi/ed 
from an intermediate such as the unknow n 1 ,r)-dihydro\ythianthiene, the 
structure (XVH) would mcnit consi leration 



Firass and Kohler, JUr. 66, 251^1 (1923). 
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Dyeing and fastness properties of Hydron Blue. Ilydroii Blue R 
and RR are useful for the production of navy and dark blue shades on 
cotton, especially in piece dyeing, and wvra marketed as competitors to 
indigo. They may be dissolved (a) by means of sodium sulfide, hydro- 
siillite and caustic soda at at)out 70°, the hydrosulfile being added towards 
the end; or (1>) by hydrosulfite and caustic soda at about <U)° (like the IX 
process for aiithraf|uinoiH)id vat dyes, but using l(*ss caustic soda). 
These alkaline vats are yell()^^ in color. In the* first and r*heaper mc^thod, 
tlyeing may be carried out near the boil or at about 00°. The hydro- 
sulfite vat gives brighter shades. 'Hie Hydron Blues have good leveling 
properties. After dyeing, the material is oxidized by air: the shades can 
be brightened by aftertreatment with sodium perborate or hydrogen 
peroxich*, but the fastness to washing is slightly reduced. In their fast- 
ness properties the Hydron Blues are sui)erior to the Sulfur Blues; they 
are inferior to the antliracpiinone vat blues in light fastness, but better in 
chlorine fastness than many of the anthraquinone vat blues. The fast- 
ness figures are light fi, washing 1 o and chhirine 3. 

SrLFURizED Antiihv(’e.\i: or A\THH\Qrivo\E I)j:hiv\'ii\ hS 

Tnlike the indophenol thionations which are carried out with sodium 
pol 3 ^sul^ide in an alcoholic solvent, tin* sulfurization of anthracene deriva- 
tives is a baking process with elementaiy ^ilfur. When anthracene is 
lieatcnl with four times its weight of sulfur at 27(1 300°, Hydron Olive (i 
K’; (T IIOS) is formed. Indanthreiu* Olive 30 (formerly Hydron 
Oli\i‘ ON) lias Ix'cn stated (ST Krg, II) to be the product of the thiona- 
tion of anthraceiu' by mean^ of .sulfur mom)chloridf‘; but the (ly(‘ marketed 
later under this name is not a sulfuri/ed vat dye (see Chapter XXXI). 
Weinberg’" has found that the action of sulfur monochloride on anthra- 
c(*ne n^sults in the introduction of six atoms of sulfur and four of chlorine 
per mole of anthraccuie. Tw’o chlorine atoms are exchangeable by aniline 
groups, and all the four by morcapto groups; the tctramercapto deriva- 
tive can be nudhylated to the tetramethyl thioether. According to 
Kalisclier rt a/.,’" 1,8- and 9,10-dichloro-, 2,9,l()-tricliloro-, and 1,3.9,10- 
ietrachloroanthracene give the same dye. Modified shades are obtained 
by the a<]diti<)n of metallic oxides. Indanthrene Dark Blue OBK has 
1‘cen stated to have been prepared by melting anthracene with sulfur, 
‘^nlfur chloride and a small amount of mercuric chloride but according 
tt) Fierz-David’^ it is prepared by the alkylation of Hydron Olive GN. 

/^r. 63 , 12t) (10.30). 

OSP l,758,:ir).5. 

lifhl. Set. and Ind. Rcptn. 7 , 701 (I048h 

" t KTz-David, Kiinstlichc ()rgani.sclic FarhstofTc, Ergan/iingsband. Springer, Berlin, 
10.35, 
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Other polynuclear hydrocarbons (acenaphthene, phenanthrene, pyrene, 
chrysene), their hydroxy, amino, and arylamino derivatives can be 
sulfurized to form brown, orange, olive, greenish-blue, dark green, and 
black dyes with good fastness on cotton.®® 

Cibanone Yellow R and Orange R. liy fusing 2-chioromethyI- 
anthraquinone or its chloro derivatives with sulfur and treating the 
product with sodium hypochlorite a bright orange-yellow dye, Cibanone 
Yellow II (Mayer and Schaarsehmidt, 1908; Cl 1170) is obtained. 
Cibanone Orange R (Cl 1169) is made similarly b}' thionation at a higher 
temperature.®* Cibanone Yellow R and Orange R dye bright, 

attractive shades with excellent fastness to chlorine (5) ; the light fastness 
grade is only 4 for Yellow R, but 6 --7 for Orange R. Both these dyes 
have however been withdra^vn from the commercial range of Cibanone 
colors because of their tendering action on cellulose when the dyed 
material is exposed to light. This catalytic activity of C'lbanone Yellow 
R and Orange R is indeed so marked that they have been the dyes of 
choice for investigating the accelerated oxidation of cellulose by the action 
of light and of oxidizing agents (see Chapter XL). When cotton dyed 
with a mixture of Cibanone Yellow R (or Orange U) and an innocuous 
dye, such as Caledon Jade (Ireen, possessing excellent fastness to light, 
is exposed to light, the green dye fades rapidly. It is a curious fact that, 
notwithstanding this unpleasant property of Cibanone Yellow R, similai 
dyes have been marketed (Calco Yellow 5G ; Calcosol Printing Yellow 
5G; Sulfanthrene Yellow R; Anthra Yellow^ GDN). Aw examination of 
Cibanone Yellow R and Calco Yellow^ 5G has shown that the tw'o dyes 
behave alike in their dyeing properties, color reactions and photochemical 
activity.®® 

The constitution of Cibanone Yellow- R and Orange R has been 
examined by Fierz-David and Geering.*' After removal of inorganic 
salts by means of hot water, the commercial dyes w-ere extracted with 
alcohol, and from the extract of both the dyes 2-methylanthraquinone 
was isolated. Elementary analysis of purified Yellow R gave C, 76 I . 
H, 3.4; S, 8.5% (C30H16O4S requires C, 76.2; 11, 3.4; S, 6.8%). The 
molecular w^eight by Rast's method in perylene w-as 495 (C30II16O4S 
requires m.w. 472). Chromic acid oxidation gave anthraquinone-2- 
carboxylic acid; but the dye w^as stable to hydrogen peroxide. From 

« Ciba, BP 431,976; 435,342; USP 2,027,323; IG, DRP 658,073. 

According to Thomson (Thorpe’s Dictionary of Applied Cheraiitry, 4th ed., Vol. L 
Longmans, London, p. 423), Cibanone Black B is prepared by the sulfur fusion 
of 2-methylanthraquinonc at 300-330®; but this is obviously erroneous (vvi*' 
infra), 

** Chandavarkar and Tilak, unpublished work 
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these results it was concluded that the dye was probably a bis-anthra- 
quinonethiopyran (diphthaloylthioxanthene; I or II). The condensation 
of phthalic anhydride and thioxanthene in presence of aluminum chloride, 
followed by cyclization, gave a product, which was considered to be the 
linear compound (II) in view of the observation of Scholl and Seer^^ that 



o-(liphenylc»nedi&ulfide (thianthrene) ga\e a linear compound (11, S in 
place of CH 2 ) by phthalic anhydride condensation and subsequent 
cyclization. However, Fierz-David and Geenrig obtained values for 
caibon and sulfur Avhich were substantially different from the theoretical 
ic(iuircinents for (I) and (II). The compound dyed much weaker shades 
than Cibanone YcHoaa R, to which the angular structure (I) was then 
assigned. There are several considerations which render the constitu- 
tion (I) very improbable; e g the difference in the sulfiii content betw'een 
the theoretical and expeiimental values, and the fact that by oxidative 
fission anthraquinonc-l-carboxyhc acid was not isolated in addition to 
the 2-acid. Shah and Tilak^^ have re-examined the chemistry of Ciba- 
none Yellow R and Orange R, and have found that the purified Yellow R 
of Fierz-David and Geering is a mixture of several substances. When a 
solution of the purified YelloAV R in acetylene tetrachloride w^as chroma- 
tographed on alumina, three small bands developed on the column, and 
concentration of the percolate gave yellow^ needles, m.p. 368-370°, con- 
sidered to be the essential tinctorial constituent of Cibanone Yellow’ R 
liom the dyeing and other properties. This Avould appear to be the first 
instance of a sulfur dye or sulfurized vat dye being isolated as a crystalline 
material with a definite melting point. Further concentration of the 

** Scholl and Seer, Ber. 44 , 1233 (1911) 

^'Proc, Indian Acad Set. SOA, 1 (1949) 
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mother liquor gave Anthraflavone. Elementary analysis of pure 
Cibanone Yellow R gave C, 76.1; H, 3.6; S, 1.4 (C4BH26O7S reciuires C, 
76.1; 11, 3.7; S, 4.5%). 

Taking into consideration the method of preparation of Cibanone 
Yellow R from 2-chlor()methylanthraquinone, as well as its properties, 
it is suggested that the dye has the constitution (HI) and is probably 
formed by the following overall reaction (xVQ = jCJ-anthracpiinonyl). 


0 

II 

SAQCIbCl 3S + [()] ♦ AQCIb- -CllAQ 4* + IK'l 

AQCH 

(IIIA) 


The intense yelow color of tin* dye and its stability aic a'-sociated with 
resonance among structures such as (A), (B) (C), and (1)). An alterna- 
tive stniclure (IV), deriv'cd fuun Anthraflavone, can be suggested tor 


0 - 



vUlB) 0 


0 

II 



II 


illK ) 0 



( II 
I 

Lil A(^ 


0 - 



'IIID) O i'll Ml 


\il—(^' = i \i\il 

S = () 1\; 

(11 A(^ 


pure Cibanone Yellow H in view of the following: (I ) tln» nearly (pianti 
tative conversion of bis-2-anthra(|uin()nylmetliyl sulfide (A(iCII.- 
SCIIa.VQ) by healing at 250° to .Vnlhratlavoiu*; (2) the occurnaice ol 
Anthraflavone in the commercial dye; and (3) the possibility of an addi- 
tion rea(*tion between Anthraflavone and 2-mercaptomethylant hra- 
qiiinoiie (AQCIIoSII). A third structure which can be postulatcil 
is 2,4,5-tri-/tf-anthraciuinonyl-l ,3-oxalhiole, and further invest igat ion, 
including Raney nickel reductions and the synthesis of model sulfur- 
containing compounds derived from j^-mcthylanthracpiinone, is ni 
progress. 

Schaarschmidt and Lowj-^otT crystallized commercial C'ibaiionc 
Orange R from nitrobenzene and have stated that analysis of the cr3"stal- 
line material (m.p. > 500°) imiieates a sulfur content corresponding f(^ 
one atom of sulfur for one mole of 2-methylanthraquinone in the d\c 
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molecule.'^® Reduction and oxidation experimcnls jravo no positive 
results, and details such as the actual pereentaKO of sulfur are not men- 
tioned. Fierz-David and (looring, who liavc not ndVrred to Schaar- 
&(*hmi<lt and Lewyoff, have purified the dye by their usual exhaustive 
extraction meUiod; the dye itself was somewhat soluble in alcohol, so 
lhal the duration of the alcoliol extraction had to ])e curtailed. 'Fhe 
analytical values were found to agree be^t with the formula (C'i 5 Tr 602 S)x, 
and Cibanone Orange R was regarded as being related to Yellow R in 
the same way as Rrimuline to deliydrothiotoluidine.’’ From a study 
of oxidation-reduction potcaitials, Atherton and Turner-® have concluded 
that the Oibanone Orange R molecule contains two anthraquinonc 
groups; catalytic reduction of the dye, reoxidation of the leuco compound, 
and determination of th(‘ hydrogen peroxide formial gav(‘ a value of oj:! 
tor the molecular weight. Shah and Tilak-' ha\(‘ found that Oibanone 
Orange R, purifKMl according to Fierz-David and 0(‘(‘nng, contained 
about 10% of Oibanone Yellow R, i.solated )>y chromatographing a solu- 
tion in acetvione tetracliloride, so that neitlier Fier/-l)avhl and (R^ering 
nor .Vlherton and 1’urner were dealing ^^ith a homogeneous cliemieal 
(‘ompound. Ciiianone Orange R would appear to contain an .\nlhra- 
flavoiu* skeleton. Distillation of either ('ibanone Orange R or Anthra- 
llavone with /ine dust, zinc chloride and sodium chloride (C’lar reduction) 
gave 2-methylaiithraceiie as one of the }>roducls. and oxidation of either 
dve with nitric acid in ac(*lic acid gate anthra<pnnone-2-(*arboxyli(* acid. 
rr(‘atm<‘nt of 2-metliylanthra<piinonc‘ with '^iilfur at 300° under reduced 
pressure gate 2,2'-diantlujuiuinonyl(‘thaiie (dihydroanlhraflavone), and 
at 3(>t)° a dye identical in all its properties with C'lluanone Orange R. 
Dilivdroantliraliat one ils(*lf aKo gave* a .Mmilar dye on heating with 



O A) O 



prakt. Chem, 118 , 48 (1926). 

Soc. Dpera Colourials 62, 108 (1946). 
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sulfur at 360^. Thionation did not take place at the Uposition in 
2-methylanthraquinone and the 1,1 '-posit ions in dihydroanthraflavone, 
since thionation of l-chloro-2-methylanthraquinonc did not yield 
Cibanone Orange R. On the other hand, 3-chloro-2-methylanthra- 
quinone gave a dye closely similar to Cibanone Orange R. The fused 
dithiopheno (or thiophthene) structure (V) satisfies the available evi- 
dence. The structure (VA) is less probable, although it cannot be 
ruled out at the present stage. 

Cibanone Brown B (Cl 1171) is piepared from l-ainino-2-methyl- 
anthraquinone by sulfur fusion at about 300°; the brown shades from a 
(lark brown hyilrosulfite vat have chlorine fastness 3 and light fastness 5 
Heating l-amino-2-methylanthraquinone (1 10), p-phenylenediamine (32) 
and sulfur (325) at 200-230° for a few hours, the product is Ilydron 
Violet N, which is obsolete and is used only for shading tlie Hydron 
Blues. * 


It NH, 

CCO^ 


N. 




H x\ 


:WTXO 




When 4-inethylbenzanthrone is sulfurizcd ni boiling na|)hthalenc, the 
product is Cibanone Blue 3fP^ (Mayer and JMannensliehl, lOOS, C’l 
1173). At a higher temperature (300 330°) and in The absence of a 
solvent, the action of sulfur on 4-methylbenzanthron(* gi\es Cibanone 
Black B, 2B or 2G (Cl 1172) Although the fastimss piopeitie^- of 
Cibanone Blue 3(ir are only moderate like those of oIIkm sulfuri/(»d \at 
dyes of this type, it is useful in calico printing Cibanone Blue 3(1 is 
identical with Indanthreiie Blue Green FFB (Luttnnghaus, Na\Mask\ 
and Ehrhardt, 1927), made by a different method'* (Chart 1), which 
yields the dye in a much purer form than the Ciba sulfuri/ation proce'^s 
and also provides proof of the constitution of (^ibanone Blue 3G The 
interaction of l-methylbenzanthrone wdtli sodium polysulfide gnes 
Cibanone Green B (Mayer, 1912; Cl 1171); this is also obtained 
by oxidizing Cibanone Blue 3G with manganese dioxide or nitric acid 
and concentrated sulfuric acid at room temperature. Cibanone Blue 
3G and Green B have a light fastness of 6-7, but the fastness to soda-bod 
and to chlorine are only moderate (3), Green B being slightly superior 


« Ciba, DRP 209,351; 243,761. 

*■ IG, DRP 483,154. 

»• Bohner and Ciba, DRP 261,557, 265,191. 
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CHART J 

Preparation ok Inoantiirrnr Grekn FFB 


3-Bromobenzanthronc 


NarS, MeOH. 
reflux, 3 hrs 



1 aq CICHiCOOH. aq 
NaiCOi, SO*. 1 hr 

2 H|804, filter 



Both require <*are in dyeing since their leveling properties are poor 
Oxidation of Cibanone Blue 3G in nitrobenzene solution ^\ith nitric acid 
gives Cibanone Olive (Cl 1 175). The result of oxidation of Cibanone 
Blue 3G would appi^ar to be the introduction of hydroxyl groups, prob- 
ably in the 2,2'-positions of the benzanthrone residues.*® 

By heating 2,()-diaminoanthraquinone, benzotnchloride (excess), 
sulfur and a Iitth* cuprous chloride in a naphthalene melt at about 220® 
for several hours, Algol Yello^v GC (IG) (Isler and KaSer, 1912) is pro- 
duced. prepared in stages, when a better 

yield is obtained (Chart 2).* The crude dye is dispersed by dissolving 
in concentrated sulfuric acid and dro\vning in water, and then oxidized 
by means of hypochlorite. Algol Yellow' GC dyes a pure yellow' from a 

Thomson, ThorjMj's Dictionary of Applied Chemistry, 4th od , Vol. I Longmans, 
liOndon, p. 419. 

Cngcr, Bohnor and 1(1, DllP, 402,417. Sec also Fleyshcr and Allied Chemical and 
Dye C!orp., USP 2,4711,872; American (\vairunid, CSP 2,289,292. Mixtures of 
2,6- and 2,7-diaminoanthraqii]nono8 are stated to give better yields than 2,6- 
alone, and the 3,7- or 3,6-dichloro or 1,3, 5, 7- or 1 ,3,6,8-tetrachloro derivatives of 
these diamines can be used; dii Pont, USP 2,150,092; 2,164,784. 

According to Ref. 19, Algol Yellow GC and Anthra Yellow GO are identical, but the 
latter dye is stated in Cl, p. 372 to he the same as AnthraOavone. 
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CHART 2 

VnEP\RATioN OF Alooi. Yellow CU' 




red-violet vat The til'll ne&s proportK*^ an* only modc'ralo, llic faslne^- 
to light being 1, but the dye ib uboful lor tin* bright giecMi shades il 
gives on admixture uith the Caledon Jade Creens. Paradone Yell(»\\ 
GC (LBII) IS identical in structure \Mtli Algol Yellow (i(\ but is pie- 
pared"*^ by heating a mixture of bcnzaldehydc and,J ,^>-dl(*hloro-2,u- 
diaminoanthraquinone wuth sulfur. V dye, which is somewhat fastei 
than Algol Yellow’ GC. but is uneconomical to produce, is Algol Y(*llow 
GGC, prefiared by the sulfurization of the condensation product (\l) 
of l-chloro-2-aminoanthraquinoue and lerephthalic acid ® 

AiioIIkt type of thia/ole derivative is Iiidanthrene Yellow (11 
obtained by heating d-methylanthrariuinone (2 moles) with ben/idna 



Algol Yellow GCmC 
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Indaiithrene 
Yellow GF 


(I inol(') and oxci^sxs of .sulfur at 2.>0°. 'I'ho timdy divided product is 
oxidized with alkiiline hypochlorite, yitdding a hri<^ht and useful vat 
(lye.^^ ]n lij^ht fastness (f»rade 5) it Ls better than Algol Yellow (iC. 
Ueplacing ben/idinc by p-phen> lenediamine, the product is Algol 
^'ellow (Hi.’* 'rile structure a.ssigned to Indanlhrene Yellow (IF needs 
to be conlinned since' the* analysis does not agree with the required values 
for carbon, hydrogen and sulfur.'^ The inferif>r light fastness of these 
dyes in comparison with most of the anthraquinonc vat dyes i.s due to the 
thiazole ring .system. 


DjUUVVTIVIS of DlMm.WllVOHKVZOQLLVONr 

'rhionation of 2 , o-bi.s-7;-chloroanilino-1 , 4 -ben zoquinone or llelindone 
Yellow' C(t (.see ('hapter XWT) by means of acpieous so^lium hydro- 
sulhde, raising the (('inju'iaturc' in stops to 130^ and healing at this tem- 
perature ( I atm^. pr(‘sson*) for Mwc'ral hours, gi\es the thia/ine deriva- 
n\c. Helm lone Hio.mi (A (l(;i ((\M. MLH (M llTti' ’• llelindone 


nh/ \ci 

' llclindono Bnmn (’V 


bn)wn (A Is a com|jon(*iU ot llelindone Hlack T and dB.*® llelindone 
Khaki (' is jirepared b> ihionatiiig the .same (piinone with a(iueous sodium 
siillide in presence ol ferric cliloriile at 140 1 under pressure.®^ 
Ih'lindone Khaki CM is prepared by heating chloranil, aniline, sulfur 
and water at 1 (m° under pressure. On wool, these llelindone dyes have 
excellent fastness to light (0 S) and milling (o). 

’ Kahscher it nl , BHP d 7 n,r»ir> 

MbU, OH P 2(12,180. 2M. 520 1 ; 2S2,502 d. sft‘ als«i Uias^ f 46, 2520 U012) 
iilOH 1493, 
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PHTHALOCYANINES 

The formation of a blue pigment when a pyridine bolution of phthalo- 
nitrile w^as heated w’ith cuprous bromide w^as observed by de Diesbach 
and von der Weid/ w’ho failed to appreciate the significance of theii 
observation and to determine the chemical constitution of the pigment. 
It was noticed in 1928 by Dandridge, Dunworth, l)n*scher, and Thomas 
at the w'orks of Scottish Dyes (part of ItU) that there w’as a dark blue 
impurity in phthalimide prepared by passing ammonia into molten 
phthalic anhydride in an iron vessel. The blue pigment was isolated 
and found to be a new type of organic iron compound with remarkable 
properties, and the observation resulted in the discovery of the pht halo- 
cyanines, which constitute a new, large, and outstandingly important 
group of synthetic coloring matters.^ ® Phthalocyanine is a composite 
word indicating the color of the substances and their derivation from 
phthalic acid. Compounds containing copper, nickel and other m(*tals 
were soon prepared by the action of metals, oxides and salts on phthiil- 
amide and its dehydration products, and suitable methods^erc' developed 
for their commercial production; the copper pigment (Monastral Fast 
Blue BS; ICI, 1934) is the most valuable member of the series. o-CJyano- 
benzamide and phthalonitrile combine with copper and copper salts very 
readily, and copper phthalocyanine is formed in quantitative yield from 
one atom of copper and four moles of phthalonitrile. The copper atom 
is held by the phthalocyanine molecule in very firmly bound chelate 
combination. As pigments, the phthalocyanincs are characterized h^ 
the brilliance and beauty of the shades, high tinctorial power, and excel- 
lent fastness to light, heat, acid and alkali ; and they are wddely used foi 
coloring paints, lacquers, printing inks, plastics, rubber, leather, cloth 
and other materials for which blues and greens of high fastness an 

1 Hdv, Chim. Acta 10, 806 (1927). 

■Dandridge, Drescher, Thomas, and ICI, BP 322,169; Thorpe, Linstcad, Thomni?, 
and ICI, BP 389,842; Thorpe, Linstead, and ICI, BP 390,149. 

• For recent accounts of the chemistry and uses of the phthalocyanine coloring matters, 
see Haddock, J. Soc. Dyers Colourists 61, 68 (1915); Haddock and lanstead, 
Thorpe’s Dictionary of Applied Chemistry, 4th ed., Vol. TX, Longmans, London, 
p. 617. 
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methine groups by nitrogen atomb ” Phthalonitiilo may be asbiimed to 
react in the polar isoimlole btiuctuie, as indicated Klcmentai v analysis 

does not dislinguish bet\\eon tetiabenzotetia/adehydiopoiplun (1; and 
the accepted constitution (11') of the parent metal-tiee phtlialoc\aniuc 
The conectnesh of the lattei, \\hich has two moie hydiogen atoms, was 
shown by the action of ceric sulfate/ phthaloc\aTune (onsumos one* atom 
of oxygen pei mole, forming 4 moles of phtlialimide and I Tnole>. ol 
ammonia, in accordance with the equation + 7II () 4 |()| 

-^4C\Ho() 2X -f- iNlIi The dehvdroporphin slim line should uiideifto 
hydrolytic fission without consuming oxygen ((\lli\ )4 + Ml 0 * 

4C8lLO>X + l\IIi The molecular weight of magnesium phthalo- 
cyanine, detcimined ehullioscopically, is in agii'cment with the sub^tllll 
tion of two hjdiogen atoms hv one of magnesium in the indn ited stnn 
tuic for phthalocvanine ^ 

The phthalocvanines aie closely rc'lated in stiuctuie to chloio])h\ll 
the pigment of gieen lea\es and hemin the pigment whic h in assoc i ition 



(^opl)er p)ithalor>aninc' 



Clb 



® Por a study ot the in w of [ihthalocyanino in sulfuric acid, sc c Sirur «/ , Pror ^ 
Inst S(i IndiaX^f HI (1')I7) 

’ Dent, Linbtead, and Lowe, J('S 10, H (1934). 

• Linstead and T^we, JCS lOdI (1934) 
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with protein is hemoglobin, the coloring matter of mammalian blocjd. 
Numerous porphyrins® also occur in the animal and vegetable kingdom; 
in the human organism some appear under pathological conditions, 
’porphyrins derived from chlorophyll have also b(‘en detected in oil 
sluiles, petroleum, coal and other minerals, and their instability at rela- 
tively high lemjieraturcs has assisted geological speculations.^® 

Intense color and great stability are two striking proiierties of both 
the natural porphin derivatives and ^the synthetic plitlialocyanines. 
Although the natural porphyrins undeigo certain changes by mihi treat- 
ments, these are minor alterations by which the side chains are affected, 
and the skeletal ring system exhibits remarkable resistance to degrada- 
iion. The hard framework in each case is an aromatic system stabilized 
by resonan(‘e among numerous structures. The phthalocyanines are 
highly crystalline, vary in color from reddish blue to bluish green, and are 
('\tremely stable*. Chopper phtlialocyanine for iiistan^^p sublimes w'ithout 
< [(‘coin posit ion at ooO oSO®, dis>ol\(‘s in (‘oncentrated sulfuric acid and is 
ic(‘o\ered unchanged on dilution. When a concentrated sulfuric acid 
solution of m >j»n(»sium phthalocyumne is diluted, the metal is removed, 
hut the ring system is intact and the product is phthaloeyanine itself. 
\\\ important property of the phthalocyanines is the comparative ease 
with which they undergo substitutions in the four benzene rings. Thus 
In direct chlorination in molten sodium-aluminum cliloride or phthalic 
jmliydiide, all the sixteen available positions can be substituted by 
thlorine atoms, the pentadecacliloro compouml is a valuable technical 
l»ro<lucl. The pliilialocyaiiines can also be sulfonaled readily, but they 
aic decoin])osed by nitric a(‘id and cannot be nitrated. The aromatic 
• hiiracter of the phthaloeyanine system is further .«hown by its mag- 
iic'tic anisotropy, which is about 15 times as large as th it of benzene.^ 
Vuother notable chara<*teiistic of the phthalocyanines is the ease with 
which the formation oi thcM* molecules containing a very complex ring 
\v.'-li*m takes jdact*; so great indeed is the tendency for phthalodinitrile, 
and even phthalainide, to form the metal phthalocyanines that they were 
piobably encountered a*^ by-products in reactions involving phthalamide 
Jmd its derivativi's maiiv vears before their signilicance was reali/ed by 
tlie IV\ (i,r()iii) of workcr.s. 

The phtlialocvuninos arc all iiusolublc in wal('r. and the molal phthalo- 
'■yanines belong lo two (ypes which tlilTer in ^omc of the other proper! iei'.''^ 
One typo i.s rej)ros(‘nted hy the .sodium, potassium, cah’ium, harinm, and 

■ I’lsihcr, H,r. 60, 2011 (1933). 

‘“Ttcihs, AnfffiK. Chim 49, 082 (1930). 

" l-ensdale, /Vor. ffoi/. Sor. London A169, U9 (1937). 

" Hauett, Dent, and Idnsteml, JCfi 1725 (1936). 
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cadmium compounds; and the second by the derivatives of other metals. 
The first type would appear to be electrovalently linked salts, being 
insoluble in organic solvents, nonvolatile at high temperatures in a 
vacuum and readily decomposable to metal-free phthalocyanine by 
means of acids or even water. The second type comprises coordination 
compounds, which are moderately soluble in boiling solvents such as 
chloronaphthalene and quinoline, sublime without decomposition at or 
below 600® in vacuo, and are very stable to hydrolytic treatments. The 
stability to acid reaches a maximum with the phthalocyanines derived 
from metals (e.g., copper, zinc, iron, cobalt, and platinum) whose atomic 
radii fit reasonably well into the center of the phthalocyanine molecule, 
when the atomic radii of the metals (e.g., manganese and lead) are con- 
siderably larger or smaller than 1.35 A, the metal atoms are more readily 
removable from the phthalocyanines,^^ and they vary from complete 
insolubility to moderate solubility in boiling chloronaphthalene, quinoline 
and other high boiling organic solvents. Some sublime in vacuo at tem- 
peratures up to 600® without decomposition, and some do not sublime 
at all. 

An interesting property of the metal phthalocyanines, particularly 
iron phthalocyanine, is their ability to catalyze oxidations; thus benzaldc- 
hyde can be oxidized to benzoic acid, and diphenylmethane to benzo- 
phenone, by air in presence of phthalocyanine Ferrous phthalo- 
cyanines in dyestuff printing pastes improve the rate of development, 
especially of indigoid, thioindigoid and halogenatcd antUfiinthrone dyes 

The constitution assigned to the phthalocyanines by chemical evi- 
dence has been confirmiJd by X-ray spectrography. The crystal struc- 
ture of the phthalocyanines shows the presence of approximately sqiiaic 
flat molecules having a center of symmetry. This center may be 
occupied by two hydrogen atoms or by the metals nickel, copper oi 
platinum without distortion of the crystal lattice; the four valencies of 
the metal must be coplanar. The derivatives of 4-coordinate beryllium, 
manganese, iron, and cobalt also exhibit planar symmetry in the crys- 
tals,'® In view of the tetrahydral symmetry of cobalt in the group 
C 0 CI 4 " and of beryllium in various derivatives, the planar configuration 
of the cobalt and beryllium phthalocyanines points to the structural 
stability of the framework of the phthalocyanine molecule which makes 
the metals confornrfcvto its steric requirements. The crystals of the van- 

Cook, JCS 1761, 1768, 1845 ( 1988 ); Tamamushi and Tohmatsu, Bull, Chem. Soc 
Japan 15 , 223 (1040). 

Chapman ei al, and ICl, BP 526,823. 

“ Robertson, Linstead, and Dent, Nature 186 , 506 (1935); Robertson, JCS 615 (1936j. 
‘‘Linstead and Robertson, JCS 1736 ( 1986 ). 
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ous metal phthalocyanines are very closely isomorphous, and the entry 
of a metallic atom has hardly any effect on the size of the molecule. 
Haurowitz*^ has found that the metallic derivatives of the porphyrins 
have practically the same dimensions as the metal-free porphyrins. 

In his work on the phthalocyanines Robertson^'* accomplished the 
first direct X-ray analysis of an organic molecule, not even involving the 
assumption of the presence of discrete atoms. This w as possible because 
of the crystallization of phthalocyanine in a molecular arrangement 
having centers of symmetry at which different metal atoms can be 
inserted by means of chemical reactions without appreciable alteration 
in the crystal structure. The X-ray contour diagram, showing the 
electron distribution in the molecule, has not merelv confirmed Lmstead’s 
structure for phthalocyanine, but has also indicated the additional 
regularity of a complete resonance sy.slem The measured bond dis- 
tances give no indication of e-quinonoid structures or of the fixation of 
one of the Kekule structures in the benzene rings as a result of fusion with 
the 5-membered rings. There is a slight departure from tetragonal 
symmetry in 'he molecule as a whole, because the central nitrogen atoms 
are drawn closer together along two out of the four possible lines of 
hydrogen bond formation. In the metal phthalocyanines the dimensions 
of the molecule are very similar for the several compounds examined, 
with slight variations in the nitrogen-metal distances due to the differ- 
ences in the radii of the atoms. Thus the nitrogen-metal distance in 
platinum phthalocyanine is 2.01 A as compared with 1.92 A and 1.83 A * 
in the metal-free and the nickel compound respectively. 

On the basis of a recent study of the electron density contour patterns 
of the natural porphyrins, the phthalocyanines, and a series of azapor- 
phines, Kndermann represents the high degree of svmmetry in the 
phthalocyanines by the appended structures (III) and 



Klectronic formulas for Phthalocyanine and Copper phthalocyanine (Enderiiiann) 

” Ilaurowitz et al, Ber. 68 » 1795 (1935). 

Robertson et al, JCS 1196, 1736 (1936); 219 (1937); 36 (1940). 

** Endormann, Z. physik. Chem , 190, 120 (1042) 
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While 1,2- and 2,3-dicyaiionaphthalencs yield the <*orres,)outlinj 5 
naphthaloeyaniiies, which are a rather dull green in color, l,S-dicyano- 
naphthalene does not undergo the phthalocyanine reaction, which is m 
conformity with the constitution of the phthalocyaiiines.*® Phthal('- 
cyanines in which the four benzene rings are replaced by hetenx'yclic 
ring systems have been prepared, e.g. tetrathiopbeno-, tetrathionaph- 
theno-, tetrapyridino- and tetrapyrazinoporphyra/iue.’^ Attempts to 
prepare analogs from pyrrole, furan, isotriazole and isoxazole have Ixtu 
unsuccessful, and the failure is explicable when the bond arrangerncTilv 
in these rings and the aromatic character of lh(» ])hthalocyanines aic 
considered. Phthalocyanine analogs in which one, two, tluee and foni 
of the aza-nitrogen atoms are replaced by nndhine groups have' Ixcu 
synthesized; they are bright green in color, fa^^t to light as the* |)ht halo- 
cyanines, and more stable towards oxhiation 

Phthvlomtuili. 

Phthalonitrile (needles from w’ater, m.p. I tl"^) is tbe principal intiu- 
mediate for plithalocyanine manufacture, and proc(»s«^(^s for continuous 
catalytic production from phthalimide, phthalainid(‘, and phtludainic 
acid have been do^ (doped. The vapors ol one of tlu'se compounds, 
together with ammonia, may be passed over sol(*(*ted (‘atalysts such ic- 
the phosphates of aluminum, magnesium, /in^onium or thorium, oi 
aluminum silicate, arsenate, arsenite, or borate. 2*-' 1'lie amid(\s may be 
dehydrated under pressure with acid halides and an a(*^lated sec<)ndai\ 
amine and, if necessary, a tertiary base and a solvent; thus A'^-etlnl 
formaniiide may be emplojTd with phosgene, sidfuiyl chloride or pho- 
phorus trichloride.-'* The preparation of phthalonitrile by catal>ti( 
dehydration of phthalimide or ammonium phthalate is dcscribc'd b\ 
du Poiit.^^ a basic aluminum phosphate catalyst bedng used at 300 ooO' 
Ciba employ a phosphorus or sulfur halide or an organic acid ludidc 
with an acid-binding agent and an inert sohxmt.-'^ IMithalonitnlc 
obtained from phthalimide by treatment with phosgene in pyridine or 
dimethylaniline.-® When the gaseous catalyz('d redaction jmxluct fioni 
phthalic anhydride and ammonia is sprayed with very cold water, ;i 
slurry is obtained from which the nitrile can b(‘ separated 

Hradhrook ami Lin.stc:id, ./(^S 17 tt (1936). 

*iLmstoad, Xohlc, andAVnght, JCSmi (1937); Hilton ami I.mstead, ihni. W2 (1937). 
« Ciba, HP 526,2:^1. 

” Geigy, HP 532,516. 

**dii Pont, HP 515,192. 

M Ciba, BP 519,888. 

*• DavicB, Joncfl, and ICI, BP 441,399. 

Bowlu.s and du Pont, USP 2,232,836 
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Details of the plant and process for phihalonitrile at IG Ludwigshafon 
have been described.'-*'* The overall reaction is 



\niinouia at 310° enters molten phthaln* anhyilride. The resulting mix- 
ture of phthali(* anhydride vapor or its redaction product with ammonia is 
heated to 400 130°, and is led from l)eIow' into a contact chamber (about 
1000 1. effective volume) containing a bauxite catalyst. The reaction is 
endothermic, and the chamljer is electrically heated. The reaction gases 
(])hthalonitrile + steam + e\ce.s.s ammonia) are cooled to about 210° and 
blown into a cold atmospliere of ammonia in large aluminum separators, 
.s ) that the plithalomti ile is cooled (piickly below' its melting point. 
\l)OUt 00 % of the total pht Jialonitrile .separates at this stage as a fine, 
light yellow- powder, and more (making up a total yield of 91 929^) is 
i(‘cov(‘retl by settling in a s(‘ri(\s of chambers and by filtering the gas 
v^licam. After drying at oo 00°, the purity of the phthalonitrile is 
SO S 9l.7<c. 

Phthalonitrile undergoes an intiu’esting reaction w’itli hydrogen sulfide 
in ah(jholic solution, forming which may be converted into mono- or 



dialksl thuM'thers ’’ These condeiist* with compounds h.iMiig a reactive 
inetliylene grouj) to form colored den\ati\es suitable for use as pigments 
()i vat dyes, or wool dyes after sulfonation Tor instance, a-naphthol 
gi\es a greenish-blue vat dye, 4,.Vben/-othioindo\yl a green vat dye, and 
l-phenyl-3-methyl-r)-pyra/olone a Molet vat dye With arylamines, one 
nr both of the alkylthiol groups are re})la('e(l, forming pigments or dyes 
for wool or acetate rayon. The diamlino derivative is brown; the color 
IS lightened by substituents to retl, orange, and yellow.'** 

Mi/rAL-Fm:i. PuTiivi.of’i wim: 

Metal-free phthalocyanine is best prep.'red by the removal of metal 
from suitable metal phthalocyanines. 'Phe metal can be eliminated 
iilOS 986 . 

Kelly, and ICT, BP r)H>,:U2 
and TCI, BP olT.OliO, r>P),0nt 
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from lead, tin, and manganese phthalocyanine by means of 100% sulfuric 
acid,®^ but disodium phthalocyanine is smoothly converted into phthalo- 
cyanine by merely stirring with cold methanol.*® Metal-free phthalo- 
cyanine (Heliogen Blue G) is prepared by IG from the sodium compound, 
which is obtained by dissolving sodium metal (28 kg.) in Intrasolvan IIS 
(a mixture of isohcxyl and isoheptyl alcohol, b.p. 145-155®) at 60®, adding 
phthalonitrile (256 kg.), and heating at 145-150® for 5 hours. The 
product is filtered off from the hot solvent, and freed from metal by grind- 
ing with methanol at 20® for 6 hours in a turbo mixer. Sodium-frco 
phthalocyanine is collected in a closed filter press and washed with 
methanol and water till alkali-free. The yield is quantitative 

Phthalocyanine is formed when phthalonitrile is heated in a sealed 
glass vessel at 350 3(»0®.*^ The two additional hydrogen atoms nece.ssary 
for the tetramerization of phthalonitrile to phthalocyanine have to hv 
provided by the decomposition of phthalonitrile itself, or various Mih- 
stances may be added for fulfilling this purpose and as promoters for the 
reaction. Among the many substances which have been suggested aie 
acid amides,**^ triethanolamine,** phenols, naphthols, or aliphatic hydroxy 
compounds *® In heating phthalonitrile or one of its derivatives with a 
caustic alkali to make metal-free phthalocyanines, the addition of methyl- 
glucamine is an advantage.” 

Chlorination of phthalocyanine until 14-15 atoms of chlorine arc 
introduced can be effected in molten phthalic anhydride (10 parts) con- 
taining antimony trisulfide (0.15 part) at 155-160®.*" The product is 
purified by dissolving^ in chlorosulfonic acid and monohydrate, and 
precipitating with winter. IG market the product as Heliogen Green 
GG.** 

Preparvtion of the Metal Phth\lo( yanines 

Phthalocyanines have been prepared from metals which belong to 
every group of the periodic table. Listed according to the groups, they 
are (I) Li, Na, K, Cu, Ag; (II) Be, Mg, Ca, Ba, Zn, Cd, Hg; (III) Al 
(IV) Sn, Pb; (V) V, Sb; (VI) Cr, Mo; (VII) Mn; (VIII) Fe, Co, Ni, Pd, 
Pt. The color of the metal phthalocyanines varies from reddish blue to 
gree4; the copper compound is the reddest in shade, w^hich becomes 

Byrne, Linstcad, and Lowe, JCS 1020 (1984). 

»» Dent and ICI, US^ 2,214,454. 

•• Heilbron, Linstead, Thorpe, and ICI, BP 410,814. 

« IG, BP 457,526. 

•• Lowe and ICI, BP 460,594. 

»• IG, DRP 696,334. 

Palmer, Gross, and du Pont, USP 2,413,191. 

H BIOS 960. 
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progressively greener in the order nickel, cobalt, metal-free, zinc, alumi- 
num, beryllium, tin, and lead phthalocyanine. 

In a general study of the behavior of phthalocyanine as a chelating 
group, Linstead employed three main methods for the preparation of the 
derivatives of nineteen metals. Various modifications have been 
described in the patent literature (sec later under copper phthalocyanine'). 

(1) Phthalocyanine itself yields metal phthalocyanines on heating 
with metals or suitable soluble salts in high boiling solvents. 

(2) The most general method is the interaction of a metal or its salt 
with phthalonitrile or an analogous o-dinitrile derived from a dicar- 
boxylic acid which readily forms the anhydride. When phthalonitrile is 
heated with free metals .such as zinc, the metal phthalocyanine is formed 
by the simple reaction : 

4- Zn ^ C’ulluNsZn. 

('alcium phthalocyanine is of intere.st for it.s ready convertibility into 
other metallic derivatives. The antimony compound is exceptional, 
posses.sing the formula (CaiHinNg^Sb^. The space available in the 
center of the puihalocyanine molecule will not permit the packing of two 
antimony atoms, and in order to satisfy the ordinary valency require- 
ments of antimony, it is necessary to assign to the compound a structure 
such as (CtjHieNs) sSb-Sb -Sb “Sb^CCt-illihXH), in which each of the two 
terminal antimony atoms is located in th(‘ center of a phthalocyanine 
molecule.'*^ ilagnesium naphthalocyanine is an interesting substance, 
which is readily soluble in cold ether.-” 

When metallic chlorides are used, a benzene ring may be chlorinated; 
while phthalonitrile gives copper phthalocyanine with cuprous chloride 
below' 200°, the product formed above this ttunperature in presence of 
cupric chloride is copper 4-monoehlorophthalocyanine. IC6H4(CN)2 + 
CuVlo— > C 32 HjbCT\ 8 Cu + HCl. An additive reaction might take 
place, the halogen remaining attached to the metal; thus stannous 
chloride and phthalocyanine react violently to form dichloro-tin phthalo- 
cyanine: 4C6ll4(CX).2 + SnCla — ► r 32 iri 6 NsSnCl 2 . Hoth these processes 
may be involved: 

250 ® 

4C,H4fCN)2 + .MCI, ^ C,2Hi«.C’1XhA1(4 4 HH. 

Stannic chloride behaves similarly, giving dichloro-tin chlorophthalo- 
cyanine. Magnesium chloride and antimony pentachloride do not react 
with phthalonitrile. The action of aluminum chloride, stannous chloride 
and stannic chloride are of special interest, since the phthalocyanines 
contain electrovalently attached chlorine. On treatment with alkali, 

” harrptt, Frye, and Linstead, JCS 1 157 (1988). 
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the electrovalcntly bound chlorine can bo replaced by hydroxyl, while 
the nuclear chlorine, if present, iss unattacked. Wlien dichloro-tin 
phthalocyanine, the product of the reaction between stannous cliloricle 
and phthalonitrile. is reduced with hydrogen, stannous phthalocyanine, 
which is also formed by the interaction of metallic tin and phthalonitrile 
at 300^^, is obtained. By the interaction of dichloro-tin phthaloc^^anino 
and disotlium phthalocyanine in boiling chloronaphthaleno, the prodia't 
is stannic phthalocyanine, Sn(C^ 2 HiflNs) 2 , which is uni<iue among the 
metallic phthalocyanines in containing t u o phi Indocyanine units at tachi'd 
to one atom of metal. 

Using metallic oxides (e.g litharge, sodium amyloxidc), the reaction^ 
are more complex. 

(3) o-Cyanobenzamide, heated ^^ilh a metal, undergoes dehvdia- 
tion and combination with the metal: J(\,IIdUX) UOXlIi + \i > 
C 32 Hi 6 X 8 Xi + 4 II 2 O. Although this method gi\es lower yields tlim 
the phthalonitrile reaction, it is useful in sjiccial cases: eg. nuigiicsmm 
oxide gives a good yield of the corresponding phthal()(*yariin(' wlicn 
o-cyanobenzamide is used. 

(4) A further method due to Wyler, which has t(M‘hnical \aluc and oi 
which details are given later, is to heat phihalic a(‘id, anhydride or iruidc 
with urea and a metal or metallic salt. 

Derivatives of phthalic ‘icid and its nitrih*, which an' dilli(‘uli (n 
impossible to obtain by direct substitution, (‘an be jirc'paicd fiom appn»- 
priatc intermediates, eg. the* (/Mli^‘hloro-compoun(ls,^h(\v may th(‘ii he 
utilized for preparing nuclear substituted phthalocyanine pigmciiS 
w'hich aie not acccssifde by diiect snbstitulioii of the phthaloc>anine^ 
Examples of such derivatives are acetamido,^^' benzoyl and naphtln)\ 1,'' 
phenyl, '‘2 alkyloxy and arylox}',** ben/o\a/yl, Ixai/othiazyl and hcn/nai- 
dazyl The deri\cd phthalocyanines can be sulfonated and ns(nl 
dyes or as color lakes. 

UoPPKU PlITIIALOCYVXlNK AXD TlS DlUUVATIVl S 

The most important phthalocyanine pigm(*nt is the copper compound 
(Monastral Fas» Blue BS, K'l; lleliogen IMiie B aiul N, IG), and tlie 
principal method of manufacture is from phtliahmitrile; IG used .1 
phthalic anhvdride-urea condensation when there was a shortage <»1 

« IG, BP 481,134. 

IG, BP 468,043 
« IG, BP 470,642. 

« IG, BP 470,703. 

IG, BP 488,201. 

« IG. BP 491.151 
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phthalonitrile.®*** Phthalonitrilo (4 mole.sj and (•\i])rou.s chloride 

(I mole) are heated to{i!;ether at the melting point of the nitrile (141°; ; the 
n‘a(*ti(>n is exothermic, lh(' tf‘mperature rising to 2G0 300°, and it is (‘om- 
plcte in under an hour. A 02.r)<)^ yield i.s obtained. A continuous 
process recently used by 1(1 has been described,"** in which a mixture of 
lh(‘ nitrile (4 moles) and cuprous chloride (1.2 mole^j fed on to a rotat- 
ing continuous nu'tallic band, heated electrically, permitting a sensitive 
(oiitrol of the temperature. The band is enclos(‘d in a jacket under 
slight nitrog(Mi pressure. At the rear ol th(‘ band, the product falls on 
to a crusher. 

In the urea-solvent process, iihthalic anhydrnh* (373 kg.), urea (OOO), 
cnjii’ous chloride (70) and arsenic pentoxide (10 kg.; in trichlorobenzene 
;iic lieated to 100° in a reaction \e.ssel provided with an agitator. Anhy- 
(lions lerric chloride (alone or miv^l with aluminum chloride; can replace 
aiMMUc oxide. When the a igorous reaction has subsided, the mixture is 
lu'ab‘d at 200° for o liouis; tiiehloiobenzene di^^lils over contiml(iUslJ^ 
41 m‘ n'sidue is then diluted with hoi 1 1 ichlorol)enzene, filtered, and 
washed with ♦ ri(*lilorolM*n/eiie. Tin' cake i^' fre(*(l from sohent in a 
(lr\cr, waslied with dilute hydrochloiie acirl by stirring for 1 hour at 90°, 
lilteied, washed and dried i^yield 313 kg, calculated as 100^^ copper 
phllialocyaiune). 

'J'h(* cnid(* copper jilithalocxanine prepared by these methods is 
piiiificd [)y <lissohiiig the powdered material in 90*;o sulfurie a<‘id and 
piccipilating l)y the addition of hot water. The precipitate is collected, 
washed with ammonia, ma<le into an IS^c acpieous paste with the aid of a 
dispersing agent (o.g. Mmulphor FM, tlie monooleic ester ol triethanol- 
amine) and dried to a line powder. 'Hiis is marketed Tleliogem Blue 
b or X according as the phthaloniirile or the urea procc."- has been used 
Th(‘ concentiated sulhiric aci<l treatment converts the /i-modi heat ion 
ot lleliogcn Blue to the color-valuable a-modihearion; attempts to 
U'jilac(‘ the conceiitraled sulfuric acid treatment by a process of grinding 
tMth salt have not proved practicable. Heliogen Blue BT, Vulcan Fast 
blue od (for rubber), Hcliogcn Blue BK, and lleliogcn Blue XdB (for 
nitioccllulosc lacipier) are Id brands of copper phthalo'wanine, wdiich 
diilcr ill tlie })crcentag<* content of (he pure pigment, tlu* physical state 
•aid the sjieeial purpose for which the protliicl intended 

becher, Laeoy, and Orem**'' ha\<* ohsciwed that pure cuprniis halides 
at coj)p(»r pow’der do not react with phlha! mitrile in boiling pyridine if 
an Is excluded. Oxygen oxidizes cuprous halides ilissohed in pyridine 

tor a (Irtuiled acrount of I(i methods i»f piepuratiun of phthalooyaiiinc pigments 
and dves, sec Ref. 38; (40) FIAT 1309; ( »7) FI A T 1313 III, pp 273-317. 

^ 63. 1,320 (ItlU) 
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Cupric halide-pyridine complexes precipitate and a colloidal solution of 
cupric oxide is formed; cupric oxyhalides might also be present. Oxygen 
oxidizes copper powder suspended in boiling pyridine. The conversion 
of phthalonitrile into copper phthalocyanine in boiling pyridine requires 
cupric compounds, preferably in the presence of a mild reducing agent 
such as cuprous halide or copper. Cuprous halides in the presence ol 
oxygen are reactive. So are finely dispersed cupric oxide, cupric oxy- 
halides or mixtures of cupric halides and cupric oxide. In the absence 
of any reducing agent part of the pigment formed assumes this function 

The purity of a sample of phthalonitrile can be estimated by taking 
advantage of the quantitative conversion of the nitrile to copper phthalo- 
cyanine under specified conditions. Thus the nitrile (51 2 g,), nitro- 
benzene (330 cc.), cuprous chloride (20 g.) and pyridine (10 g ) are heated 
at 190-200® for 1.5 hours. Part of the nitrobenzene (200 cc.) is distilled 
off; the precipitate filtered hot and washed with hot nitrobenzene and 
with methanol till the filtrate is colorless, then cxti acted wdth hot 
hydrochloric acid, refiltored, W'ashed successively with water, methanol 
and acetone, dried and weighed. 

Heliogen Green B is copper tetraphenylphthalocyaninc, prepared by 
heating a mixture of pj^ridine (8 parts), cuprous chloride (19 5), 3,4-dicy- 
anodiphenyl (80) and o-dichlorobenzcne (390) at 170-178® This ^iig- 
ment has a distinctly bluer and somewhat clearer shade than Heliogeri 
Green G, the two being equivalent in fastness properties 

Modified methods of preparation of copper phthalocyanine. M> 
though copper phthalocyanine can be readily prepared by healing 
phthalonitrile and copper or a copper salt together, numerous modifi(‘a- 
tions in the preparation of copper phthalocyanine, as well as the othci 
metal phthalocyanines, have been suggested in the patent literatim* 
The use of diluents or acid amides®^ or tertiary bases®® is said to be an 
advantage. A large quantity of inert material such as common salt 
added to the reaction mixture serves to control the temperature of the 
strongly exothermic reaction.®^ A mixture of an aromatic o-dinitrile 
and an alkali or alkali earth amide or cyanamide in an organic diluent 
free from hydroxyl and mercapto groups is warmed, and an alcohol, 
mercaptan or phenol is then added.®® When the reaction is carried out 
in an organic solvent (e.g. nitrobenzene), alkali oxides, hydroxides, aiul 
carbonates in small amounts act as promoters.®® Copper phthalocyanine 

“ BIOS Misc. Report 20. 

••IG, BP 468,780. 

IG, FP 799,901. 

•* IG, DRP 741,261. 

•• Oiba, BP 538,957. 
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may be prepared from phthalonitrile, which may contain phthalamide, by 
treatment with a cupric salt and ammonia in an inert diluent at 180- 
220®.®* The phthalocyanine condensation may be effected in ethylene 
glycol at 137 140®, trimethylene glycol at Hm 170®, or butyl carbitol at 
225®.®® Phthalonitrile vapor may be brought into contact with a copper 
.surface at 225 230® and the pigment removed with a scraper, thus 
exposing a fresh surface.®® Good agitation of the melt is obtained by 
carrying out the reaction between phthalonitrile and copper piecemeal 
in the same vessel at 220-225®, adding the two reactants in successive 
batches, after each batch has been converted, until the vessel is full. 
Ammonium chloride, stannous and stannic chloride.^, antimony and 
aluminum trichlorides, and cuprous chloride act as catalysts, enabling 
the reaction to he initiated and completed at 180®.®^ The reaction may 
he carried out in tra 3 ^s with infrared rays a.'^ the source of heat, a method 
which du Pont ilescribe for a variety of metallic* phthalocyanines as well 
as for sulfur dye melts and the con\ersion of arylamine sulfates into 
/>-aminoar 3 dsulfonic acids.®'' 

Phthalcnitxllc may be formed in aitu by heating o-chloro or o-bromo- 
henzonitrile with cuprous cyanide;®® better yields are obtained by the 
addition of metallic copper.®® e-l)ichloro or dibromo compounds can 
be used in the same manner in presence of organic nitrogenous bases. ®^ 
The urea proc(\ss of Wyler®^ has the advantage over the phthalonitrile 
method that it involves the u.se of the readily accessible phthalic acid, 
anhydride and iniide. The yields are much improved by the addition of 
boric acid and ammonium molybdate or other compounds of the V or 
VI groups.®® According to Haddock® and contraiy to Sander,®* imino- 
phthalimide is formed as an intermediate product, since the interaction 
of phthalic anhydride and urea, in presence of ammonium molybdate 
and in the absence of a metal, gives a good yidd of iminophthalimide. 
The latter then undergoes dehydration to phthalonitrile. 

Phthalic anhydride, a metal phthalate, urea and a naphthalenesulfonic 
acid (which prevents hardening of the reaction products) may be heated 
Fairweather and American Cyanamal, BP 559,247; American (Vanamid, USP 
2,302,612; 2,318,783; 2,318,787 
‘‘Turek and Interchemical Corp., USP 2,138,413. 

Turek and Interchemical Corp., USP 2,245,098. 

"duPont, USP 2,160,837. 

'*du Pont and ICI, BP 552,121. 

"Linstead el al. and ICI, BP 418,367. 

Montecatini, BP 498,831. 

10, BP 490,744-5. 

” Wyler and ICI, BP 464,126. 

” hiley and ICI, BP 476,243. Sec alao Moser, USP 2,469,663; O’Neal, BP 633,713. 
" Chemie 225 (1942). 
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together. Instead of urea, an aminosultonie acid,'*’' dieyandiainide**^ oi 
p-toluenesulfoiiainiih* can ])e umhI. 

Chlorination of copper phthalocyanine. As many as Jo 1() ehloruK 
atoms can be introdiiced into phthaloeyanine l\v direet eldorination, 
and the reaction is technically important tor copper plithal()(*yaninc 
because of the lieauty and fastness of the gieen pignnuit thus obtained 
The 4- and o-positions in the ben/ene ling are first substituted, and thes(‘ 
have little ettect on the color; the octachloro compound is still blue 
Substitution in the 3- and (i-po'^ition^ has a bathochroniic effect, as 
sho^^n by the green color of the copper octachlorophtlialocvanine, iu.mIc* 
synthetically from 3,()-dichlorophthah(‘ acid. In the manufacture ol (h< 
valuable green pigment by clilorination oi eopper phthalo(*yanine, the 
reaction is eonlinued until lo Ui atoms of chlorine ha\c been introduei'd 
Various solvents have lieen suggested, and among those* us(*d techiiicalK 
are (1) a mixture of fused aluminum ehloride and suflium ehloiiilc*, aiai 
(2) molten phthalie anhydride. Aluminum ehloride (t)2l parts) and (Ii\ 
rock salt (191) an* melted together at 170°, and eopper plithaloeyanine* i 
stirred in at loo I (Jo®. Chlorination is commenced at the same tempe'ia- 
turc and proceeds without external application of heat, but towards iIk* 
end of the reaction, which takes about 20 hours, the mixture may he 
lieated at 180 190®. The hot melt is poured into water, a little liydio- 
chlorie acid added, the mixture agitated for two hours, and the pro<hicr 
filtered, washed and dried ICf market the product containing !•'> 
atoms of chlorine per mole of eopper phthaloeyanine as Heliogen (lre(*u ( i 
Like the parent pigment, the chlorinated compounds can be purificMl l)\ 
dissolving in concentrated sulfuric acid and precipitating w’ith wab'i 
Chlorination of copper phthalocyanine in acid chlorides, particuhnb 
phthalyl chloridf^, gives cpiantitative yields of products of high pind^ 

•5 Jaflfe, BeP 450,302; 150,3()2, 450,950. 

»• Wyler and ICI, BP 457,780. 

Montecatini, BP 503,029. 

Sulfur diclilonde in pro.sorir<» of iron an<l/or antimony trichloride can be umhI fm 
the production of phthalocyanines containing about 50 chlorine; du 
USP 2,377,685. 
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{*olor value and softness in the powdered state. IG have developed a 
pressure chlorination method in which the pigment (2 kg.) and antimony 
trisulfide (0.00) are suspended in carbon tetrachloride in an autoclave, 
and chlorine is led into the mixture maintained at 150-180®.^^ Copper 
hexadecachlorophthaloeyanine can be prepared by heating tetrachloro- 
phthalic anhydride (17), urea (63), ammonium molybdate (0.1) and 
f*aprous chloride (4.3) in nitrobenzene at lo0'230® until condensation is 
complete.®* 

Hie chloro derivative's of copper and other plithalocyanines, in addi- 
tion to their importance as pigments, are of interest as intermediates 
for the preparation of other flerivativcs (e.g. aryloxy-, alkylamino- and 
arvlaminoiihtlialocyanines) hy replacement of the chlorine atoms.®^ 
Pigments for jiaper are pre[)aretl by heating chlorinated plithalocyanines 
wilh a thiol (('.g. thiophenolj in an alcohol of b.p. > loO® and in presence 
oi alkali.’*' 

riuorination of a varietj" of hydrocarbons, intermediates and dyes 
111 liydrogen iiuoride solution or susjiension has been described;’^ and 
up to seven etrmis of fluorine per mole have been introduced into the 
plithalocyanines.’- 

The phthalocyanines as pigments. In view of their brilliance and 
stability, the phthalocyanines are especially valuable as pigments; but 
among the many hundred ])hlhalocyanine derixatives which have been 
dc^cribc'd, there are only three uhich aie extensively used for coloring 
printing inks, paints, varnislu's, enamels, plasties, and other materials. 
Tliese are metal-fre<‘ phllialoeyaniue (Alonastral Fast Blue (b IGI), 
(•o|)p('r phthaloeyanine (Monastral Fast Blue B) and highly ehlorinated 
copper phtlialocyaniiK' (Monaslral FaM Green i\). As usual, tlie physi- 
cal iorni of tlu* pigments an important consideration, and much atten- 
tion has been paid to metliods by which the phthaloeyanine pigments can 
he jiroduced in a slate of dispersion in which they have the maximum 
brightness, color value and covering power.*’ The pure, highly crystal- 
line Compounds are valueless as pigments. A general method is to 
dLs.solve the pigment in concentrated sulfuric aciil and drown the solu- 
tion in water or a solution of a dispersing agent such as an alkylnaph- 
tlialenesiilfonic acid-formuldchyde condensation product; and various 
ilctails for sucli trealinents are mentioned in patents.’* The strength 

*'’ SmikIoz, bp 585,727. 

®'K;, BP469,1H9; 171,435. 

* Samloz, BP 588,231 ; 029, IS8; I’Sl* 2,450,274. 

" 'lu Pont, USP 2,013,030. 

‘ ilu Pont, USP 2,227,028. 

* Davies, Hailwood, Todd, and ICI. FSP 2,213,093; du Pont, BP 547,411; 

Montpoatini. BP 502,023; 1(1, BP 170,079. 
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and brilliance of shade of phthalocyanines, as well as anthraquinone and 
thioindigo vat dyes, are increased by dilution of a sulfuric acid solution 
of the pigment with Avater in a state of turbulent flow.^^ The phthalo- 
cyanine is dissolved in fused naphthalene-2-sulfonic acid (or concen- 
trated phosphoric acid) and poured into water.^^ To secure better 
dispersibility in rubber, the phthalocyanines are dissolved in sulfuric oi 
phosphoric acid together with a fatty acid of not less than 12 carbon 
atoms, drowned in hot water and worked up.^* The pigments may be 
finally milled or ground in the presence of water-soluble dispersing agenl^ 
such as sulfonated oils or sulfated higher fatty alcohols. Fine-textured 
phthalocyanine pigments, capable of forming stable uniform dispersions 
in paint, lacquer, or varnish vehicles, can be prepared by incorporating 
aluminum benzoate, or sodium benzoate and aluminum sultate, in the 
wet pigment paste and drying the mixture In the preparation, stoi- 
age and use of phthalocyanine dispersions it is necessary to keep in vle^\ 
the great tendency for the phthalocyanines to revert to the crystalline 
state. Pigments of ‘^outstanding brilliance and color stability” arc 
obtained by blending blue phthalocyanines A\ith yellow a-aroylainulo- 
anthraquinoncs ; the tinctorial value is greater than that cal(*ulable from 
the individual pigments. 

While their brilliance of shade and fastness to light render the phthalo- 
cyanines valuable for many coloration purposes, they possess othei 
properties which make them specially suitable for certain matenal^ 
The reflection spectrum of copper phthalocyanine the nearest wholi 
has so far been found to approach the ideal ‘'minus red” for the tii- 
chromatic printing process. Because of their fastness to lime thev hnd 
use in distempers and w^ater paints to be applied to freshly plastered 
walls. Their fastness to alkali enables them to be used for coloring 
viscose in the mass, and special brands of copper phthalocyanine willi 
the requiste dispersibility are marketed (eg. Monastral Fast Blue BVS 
paste). Being very stable to heat, the jihthalocyanines are useful toi 
coloring thermosetting plastics. 

MiscKLLANEors Deriv\tivf.s of the Phthalocaanixes 

Sulfonic acids. When copper phthalocyanine is treated with 8 tunes 
its weight of 2(>% oleum, first at about 45° and then at 60 -(>1° for 12 
hours, a disulfonic acid is obtained. The product can be isolated in u 
yield of 91.5% by adding the sulfonation mixture to salt solution. The 

du Pont, USP 2,334,812. 

« Jaffe, BeP 450,36(K1. 

du Pont, USP 2,291,462. 

»» Hannon Color Works, USP 2,327,472. 

77a American Gyanamld, USP 2«506,744. 
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disodium salt is marketed by I G as Sirius Light Turquoise Blue GL and 
Heliogen Blue SBL.®* Like other members of the Sirius class, Sirius 
light Turquoise Blue GL is a direct cotton dye v\ith high light fastness. 

Durazol Fast Blue SGS is a sulfonated copper phthalocyaniiie which 
gives brilliant greenish blue shades of excellent fastness to light on cotton, 
viscose and silk.^® Being a direct cotton dye the fastness to washing is 
not good, but it can be somewhat improved by after treatment with 
reagents such as Fixanol. Another copper phthalocyanine containing 
sulfonic groups is Durazol Fast Paper Blue lOCLS (ICI), which is useful 
for dyeing and surface coloring of paper. By fusion of 4-sulfophthalic 
acid with copper salts and urea, a bright water-soluble phthalocyanine 
blue is obtained, whi(*h is converted into a green d 3 'e by chlorination. 
The process has had no application because of the high cost.®** Copper 
tetra-4-sulfophthalocyanine, prepared from 4-sulfophthalic acid, i^ 
redder in shade than the product of the direct suUonation of copper 
phthalocyanine; the greenness of the latter indicates the entry of one or 
more of the sulfonic grou])s in the 3-position.’*’“ Sulfonation of the 
phthalocyanjiif from 3,3',4,l'-tetra(‘yanobenzoj)henone gives a product 
w4uch dyes cotton in pale green tints.^''*' When halogenated phthalo- 
oyanines are condensed with thiophenols and the products are sulfonated, 
brilliant light-fast bluish to yellow'ish green dyes for cellulose fibers are 
obtained.^**"* 

Monosol Fast Blue 2GS (l('l) is a sulfonated copper phthalocyanine 
which is used as a soluble lake color, giving the best results as a barium 
lake. Salts of the sulfonated phthalocyanine.^ with organic bases,"® 
or with ammonium, sulfonium or phosphonium basics containing large 
alkyl groups®" have also been use<l. A salt of copper phthalocyanine 
trisulfonic acid with dimethylpentadecylamine is marketed as Zapon 
Fast Blue IIL "Jlie diarylguanidine (particularly di-o-toljd- 

guanidinc) salts of carbo.xvlic acids aiul sulfonic acids of metal-free 
phthalocyanines are spirit-soluble, and color cellulose nitrate lacquers in 
fast shades.®^ 

Sulfonamides. B^" the action of chlorosulfonic acid (9 parts) on 
copper phthalocyanine at 30®, a tetrasulfochloride can be obtained.®* 

* Itj, lip 457,706. The sulfonic acids of phthalocyanines derived from diphenyl 

have improved huKstantivity , IG, BP 170,542; 401,161. 

See also Linstead and W'eiss, JCS 2975 (1960). 

f'lha, USP 2,402,732. 

Gutzwdler and Sandoz, TSP 2,465,080. 

"IG, BP 460,147. 

ICI, FP 807,052. 

Carleton, Woodward and du Pont, USP 2,153,740. 

IG, BP 515,637, 



1136 


PHTHA LOCTANlNBg 


Partial hydrolysis with water conveits one oi two of the sulfonyi chlonde 
groups into sulfonic groups, and when the product is treated with iso- 
hexylamine and caustic soda, a mixed sulfonamide-ammonium sulfonate, 
such as (VI, R = EtCIIff-CHMe-CHsNIl . is obtained This is 

RNH, 



H,^R 


marketed by lO as a la<quei (oloi Zapoii Fast Blue IIFIj’'’ Zapon 
Fast Blue FLT ^\as a similar piodiut using isouiicUM vl.imine 

The tetrasulfonamidc of coppei phthaloc yanine made tiom l-suUo- 
namidophthalic acid is stated to be a useful direct cotton dye 

The hydrazides foimed by heating a phthalor vanine sulfonyl cliloiidc 
\Mth hydrazine or an aivlhvdia/ine are alkali-soluble and aie substaiitnc 
to cotton, wool and silk They aie also suitable foi wnting ink fluids 
being rendered quick .drying by a small amount of ( austic alkali 
Similar dyes can be prepared by using poljh>dH)\yalkylaminis oi 
ammopyndines A chrome-punting dye is obtained by the condcnsi 
tion of 5-aminosah( yhc acid with a copper phthalocyanine sultonvl 
chloride,*® and the d>e would probably have been made by I(i comnici- 
cially in normal times? 

Carboxylic acids. The phthalocyanines can be carboxvlated b> the 
action of trichloroacetic acid,** and by the action of phosgene and 
aluminum chloride,*® in the second method the acid chlorides are tbc 
initial products 

A tetraphenylphthalocyanme tetracarboxylic acid is the chiect cotton 
dye, Sinus Light (or Supra) Green FFGL, which was developed b\ It* 
shortly before the war The loute (Chait 1) was thiough the DicK- 
Alder reaction between cinnamic acid and climethylbutadiene, cleh>di*>- 

•» IG, DRP 696,691 Cf IG, BP 620,199 
General Aniline and Film, USP 2,413,224, sec also BP (>13,7Sl-2, 61 1,407 
•* IG, BP 487,261 
w IG, BP 610,901 
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and coupling, and the shades arc not particularly attractive, so that these 
patents have not been exploited. The diazonium salts offer as usual 
convenient route for the synthesis of other derivatives, such as the* 
thiocyano and mercapto compounds.**® '^etrapyridylphthalo(•yanitlo^ 
can be prepared by the reaction of tetra-diazotized tetraaminophthido- 
cyanines and pyridine.®^ 

Phthalocyanines containing an aminophenyl group, attached to eacli 
benzene ring by oxygen, or a carbonyl or sulfone group, are j)reparod bv 
starting with the corresponding phthalic acid derivative, e.g. (VIII), and 


0.0-0O coou 


COOH 


iVIII) 


finally reducing the riitro groups. Tliese amino groups are readilx 
diazotizable, and azo dyes can be produced by coupling with Miitablc 
components.®- The diazonium salts are more stable than those pi(‘- 
pared from the amines in which the amino groups are directly attacluHl 
to the phthalocyanine nucleus. 

Quaternary ammonium and ternary sulfonium salts. Basic dyes, 
which yield light-fast shades on tannin-mordanted cotton, arc obtained 
by converting copper tetrarainophthalocyaiiiue into a quaternaiy 
ammonium chloride, or by the introduction of quaternary ammonium 
groups in other ways. Thus, refluxing the jV-oetachliiroaeetyl derivative 
of copper tetraminophthalo<’yanine with pyridine gives the water- 
soluble copper oetapyridinoacetyl tetraminophthalocyanine octachlo- 
ride, which dyes tannin-mordanted eotton a bright yellow-green, fa^t in 
light and washing.®® 

The tetrapyridylphthalocyanines®** provide a method of solubili/iug 
phthalocyanine pigments; when eon verted into pyridinium salts b.> 
normal methods, they give water-soluble dyes for cotton aiul \i.s(‘()sc, 
blue-green to green in shade and fast to washing and light.®® Othci 
quaternary ammonium and ternary sulfonium salts, w'hich have tlu* 
remarkable property of dyeing cellulose fibers directly, have been 
described. Alkyl- or aralkylthiolphtlialoeyaninos carii be prepared from 

Haddock and ICl, BP 541,146. 

Haddock and ICI, BP 530,881. 

»* Haddock, Parkinson et al and ICI, BP 569,200; 589,118; 003,753; USl* 2,41 1,371, 

2,430,052; 2,479,491. 

« Linch and du Pont, USP 2,414,050. 

Bradbrook et al, and ICI, USP 2,277,629 
•‘Bradbrook, Coffey, Haddock, and ICl, BP 522,293, USP 2,277,028, 
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(^-dihftlogenophcnyl alkyl hulfidos and cuprous cyanide or from alkyl- 
or uralkyl-thiophthalir licit b. uroa, and a metal compound; the soluble 
Mulfonium salts obtained by healing with an alkyl sulfate or sulfite dye 



\eKetahle libers in bright greiui shades, com cried into fast greenish 
blues l)y hypochloriti' One of the drawbacks in these methods of 
solubilization is that tlic brilliant turcpioisc blue of copper phthalocyanine 
changes to less attractive shades. When the solubilizing groups are 
linked to the phthalocyanine molecule b}" a methylene bridge, the bright 
blue of the original pigment is retained. By trca ing a solution of 
copper phthalocyanine in a flux of aluminum chloride and triethylamine 
with bischloromethyl ether, two or more ehloromethyl groups can be 
introduced.®® Copper tetrachloromethylphthalocyanine heated with 
bodium methyl sulfide in alcoholic solution gives the corresponding 
methylmercapt omel h ylpht haloeyaiiine ; the t (‘iiiary siilfoniiim salt 
obtained by heating this compound with dimethyl sulfate is a bright 
blue direct cotton dye.®‘* Alternatively, chloromethylated copper 
phthalocyanine may be directly coriverleii into a pyriilinium salt or a 
fclraalkylthiuroiiium (or isothiuroiiiiim) salt by heating with pyridine 


("offey, Haddock, Jackson and ICl, BP 625,237. 

®Mladdock, Research 1, G85 (1948); lladtlock, Wood and ICI, lU' 670.270; 587,036; 
«19,035; 639,487; USP 2,464,806; 2,482,172. 

Haddock, Wood and ICI, BP 586.310; TSP 2,435,307. 

““ Haddock, Wood and ICI, BP 587,630. 
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Copper (CHiCl)iO 

phthalocyanine 




or a tetraalk 5 "lthiourea.^^* Alnan Blue 8G, an im|)r)rtjint K’l 

discovery, is a product of this type derived from Monastral Fast Blue B, 
which is of great value in calico printing. The beautiful turquoise shade 
has good all-round fastness properties. The dye is water-soluble, but 
rendered insoluble by normal printing methods. The general method 
of application in printing is to make a paste of an aqueous solution of the 
dye, an organic acid (e.g., acetic or lactic acid), sodium acetate and starch 
or starch-tragacanth thickening. After printing and drying at 100- 1 10°, 
fixation is completed by steaming for a few minutes. The weakly acidic 
printing mixture becofnes weakly alkaline by heating and steaming; the 
solubilizing component of the dye is thus decomposed and the insoluble 
pigment is fixed on the fiber. 

Sulfur dyes. Treatment of copper phthalocyanine with sulfur mono- 
chloride-aluminum chloride complex, which is a new general reactnin 
for the preparation of sulfide dyes (sec Chapter XXXV), gives a bright 
green sulfide dye, applicable as usual from a sodium sulfide bath; Thionol 


••“See also ICI, Chadderton and Thornton, BP 633,160; Buiterworth, Vickcrn imd 
ICI, BP 633,602. 

ICI have applied these reactions for the preparation of water-soluble dyes from 
anthraqiunonoid vat dyes. Acedianthrone, dibenzan throne, etc., are (hloio- 
methylated by treatment with paraformaldehyde or l,l'-dichloro (or dibionio) 
dimethyl ether and aluminum chloride in presence of a tertiary amine not husrrp- 
tible to halogenomethylation, and then converted into qiiatqrnary ammonium siilt'' 
by treatment with pyridine or tnethylnmine, or into ternary sulfonium salts hv 
conversion into alkali metal mercaptides and subsequent treatment with dinicf In 1 
sulfate or methyl p-toluenesulfonate, or into tliiuroniiim salts by means of 
thioureas (BP 612,222; 613,980-4; 623,997-8). 
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Ultra Green B, apparently a dye of this type, has light fastness 7 and 
chlorine fastness 4, the latter being unequalled among the sulfide dyes. 

Sulfonyl chlorides are obtained by the action of chlorosulfonic acid on 
phthalocyanines,*** and these can lie reduced to mercaptans by zinc and 
acid.^®® The mercaptans and the corresponding disulfides behave as 



( opper 

tetramercapto- 

phthalocyanine 


o, 



Insoluble |X>1\ disulfide 
< bright gicen) 


'^iillur dyes, giving briglil green shadt‘s \Mth c\cellenl fastness to light 
and N\ ashing. Sulfur dyes, mainly green in color, are obtained by heating 
a phthalocyaninesulfonyl chloride with a thiol such as ben/ylthiol, 
2-tliiolhenzothiazolc, toluene-p-thiol, or thioamides,^®^ or with phos- 
phorus pentasulfide Thiocyanophthalocyanines, which may contain 




('upper tctrathio- 
c^ anophthaloc> aiiinc 


l-i SCN groups and are prepared from the con esponding diazonium 
halts, are applicable to cotton from a sodium sulhde bath like the sullide 
dyes, and the bright Vdue-green shades t>rc fast to light and washing •• 

Haddock and ICI, BP 544,953 

Haddock, Wood and ICI, BP 566,740-1. 

Wood and ICI, BP 588,606, PSP 2,453,953 
'“Haddock and ICI, BP 541,146. USP 2,395,117 
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Heating copper phthalocyaninetetra-(4)-siiIfonyl oliloride with thiourea 
(or a substituted thiourea) or mercaptans, the products are blue to green 
sulfur dycs.^®^ 

Vat dyes. Anthraquiiionc-l-carboxyl chloride condenses ^ith the 
phthalocyanines to form a vat dye, which gives blue shades on cotton. 
Vattable phthalocyanines have also been made by building up the 
phthalocyaninc from intermediates containing vattable groups; thus a 
green vat dye is obtained by treating the 3,1-dichloroanilide of aiithra- 
quinone-2-carboxylic aciil wdth cuprous cyanide. However, such vat 
dyes appear to hav^e little practical value, owing to the danger of hydrolv- 
sis of phthalocyanine to phthalimide during vatting. Indanthrene 
Brilliant Blue 4G (By), which has poor fastness to chlorine, is a deriva- 
tive of cobalt phthalocyanine. Sulturic esters of phthalocyanines derived 
from anthraquinone have been recently described. 

Phthalocyanines produced on the liber. Phthalogen Blue P3G (or 
IF3G) (By) is a cream-colored water-soluble substance, yielding phtha- 
limide on acidification. Blue and blue-green prints can be produced on 
cotton by printing a mixture of Phthalogen Blue, TiOvasol P (a soheni ) 
a copper or nickel salt and ammonium acetate in gum tragacanth thick- 
ening, followed by heating at 135-1 JO® for a few minutes or by steaming 

*0* Haddock, Wood and ICI, USP 2, tl(>, 38(5-7 
IG, FP 852,912. 

IG, BP 490,017. Sec also IG, DIIP 721,021 , FP 852,912, 832,1 1 1 
Haddock, ICI ei al , BP 633,178 
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The ordinary silver broinifle photographic lilm or plate is sensitive 
only to violet and blue in the visible region ami to ultraviolet lights* 
Vogel (1873) found that the addition of certain dyes to the photographic 
emulsion rendered the coated plate sensitive to other parts of the spec- 
trum. Using the red dye coralline (S"l' 841), which absorbs green, he 
achieved a weak sensitization for the green part of the spectrum, and 
among the gn^en aniline dj'es, of wliich some absoiOed red strongly, he 
found one that served as a red sensitizer. A survey of dyes was subse- 
quently undertaken, and it was found that by no means all dyes had the 
])roperty OT bt having as photogiaphic sensitizers. Further, it was slowly 
icalized that for the effect to be oliscrved to the fullest extent, a dye 
should be exceptionally pure and u.sed in rather high dilution. In the 
course of time there were found more and more eiTeetive optical or color 
siusitizcruj as they (‘ame to be called; and with the discovery of dyes 
which sensitized a photographic emulsion for the green and red parts of 
the spectrum, black and white photography, giving a reasonably faithful 
tone reproduction of colored objects, became pos.^ible. Color photog- 
raphy, also, only liecaine reali/able in practice after the discovery of 
efficient sensitizing dyes. 

One of the first dyes examined for its photographic ilfect was cyanine, 
a dye originally made in 183t) by (Ireville Williams. The dye w^as the 
first of a very large group, known today by the gem*ral name of cyanine 
(lyes, and it is among this group that the imjst pow^erful and practically 



I^epidine Quinoline Cyanine Blue 

ii>ouinyl iodide i&oamyl iodide (Xmu^ in alc.5920,5540A) 


^ Sro The Theory of the Photographic Proces.'*, Macniillan, Xew York, 1942; 

especially Chapter XXIII on Spectral Scii.sitivity by Brooker and Carroll; 
^'hapter XXIV on The Sensitizing and Desensitizing Dyes by Brooker; and 
lu r XXV on The Mechanism of Optical Sensitizing. 

“ Ihccj’anine dyes have been recently review e<l by Hamer, Quart. Ners. 4 , 327 (1950). 
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valuable photographic sensitizers have been found. Cyanine or Quino- 
line Blue (Cl 806) was made by Greville Williams by heating the iso- 
amyliodides of (what was later shown to be a mixture of) q\iinoline and 
lepidine with caustic alkali, which is typical of a general reaction for the 
synthesis of the monomethine or simple cyanines, (^nnine is thus one 
of the oldest synthetic dyes, being contemporaneous with Pe^kin^s 
Mauve, but the sensitizing properties of Cyanine Blue were only observc(| 
many years later by X^ogel (187 .j); the indicated structure of the dye was 
first suggested by Konig in 1906. Cyanine Blue sensitizes in the orange- 
red region (maximum sensitization at 5800-6100A). Quinoline Red 
(AGFA) (Jacobsen, 1882; Cl 80.‘)'l, synthesized by heating ]>enzotn- 
chloride, quinaldine and isocpiinoline in presence of a condensing agent, 
sensitizes to green and yellow. These early (‘vanines, Cyanine Blue and 

Quinolinp Red 

H' "Ph Cl- 

Quinoline Red, have become obsolete, owing to the bad keeping qualities 
and the fogging of emulsions prepared from them. Notable advances 
were then macle in the period 1902-1906, when Pinaverdol and Pina- 
chrome, which wTre sensitizers for the green and orang!?, and Pinacyanol, 
which sensitizes throughout the red region, were discoven*d at Hoclist 
(MLB) (Konig, Ilomolka). Commencing with Williams in isrdi, 
Hofmann, Hoogew^erff and van Dorp, Miethe, Konig, 0 Fischer, Kauf- 
mann and several other investigators have contributed to our knowledge 
of dyes of the general type made from (piinoline or other heterocyclic 
nitrogen compounds and alkyl halides. There was extensive activity in 
this field during the first great war and the years that followed, becaii'^c 
of the importance of aerial photography for reconnaissance purposes and 
the shortage of sensitizing dyes in Great Britain and the Cnited Statens 
The need for red and infrared sensitization when photographs are taken 
from great heights arises from the atmospheric scattering of light of 
shorter w^'ave length. Pope, Mills, Hamer and Brooker have been 
responsible for milch of the basic chemical work on the cyanines, and in 
recent years Brooker has made effective use of the simple and progressive 
structural variations poH.«3ible among the cyanines for a quantitative 
interpretation of color-constitution relationships.® 

Considerable progress has been made in recent years in understanding 
» See Chapter VIII. 
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the mechanism of optical sensitizing.^ The sensitizing dyes commonly 
used are of the cyanine or polymethine type, almost the only exception 
being Erythrosine. Under the conditions employed for sensitizing, the 
(lyes are molecularly dispersed, but aggregation and resultant changes in 
absorption spectra have been observed at higher concentrations,*' and 
aggregation in the adsorbed state is possible. The relation between 
degree of sensitizing and molecular aggregation of the dye has been 
recently investigated by Natanson.® A c^'anine dye may sensitize in 
different regions of the spectrum in a(‘cordance with the state of aggrega- 
tion. ‘ i.eermakers, Carroll and Stand have shown that the sensitizing 
spectrum (cf. Fig. 2) corresponds precihely to the absorption spectrum 
of the dyed silver halide, which is about 200 400A nearer the red than 
the absorption of the dye in acpieous solution.^ The longer the w^ave 
length of sensitization the smaller is the* amount of sensitizer required, 
liecaiisc of the efficiency of energy transfer from dy« to silver halide; the 
amount of sensitizer usually employed is a few' parts per million. Mott 
has suggested that increased absorption in the sensitized region induced 
by the dye piovides a source of energ>" whicli contributes to latent image 
formation.® When silver bromide adsorbs a cyanine dye under condi- 
tions in which there is optimum sensitization, the leaf-like dye molecules 
form an edge-on monomolecular layer, in which the packing is as close 
as the stnicture of the dye and the crystal lattice of the silver halide will 
permit. Planarity is a characteristic of the sensitizing dyes.^' 

An intere.sting phenomenon in optical sensitizing is supersensitizing 
i)y mixtures of dyes, and by compounds which have no sensitizing 
activity by themselves, of which numerous examples have been men- 
tioned in patents. Thus the sensitivity of a cyanine dye can be doubled 
or trebled by adding an ammonium or alkali aiirous diiocyanate to the 
emulsion.®® 

Since the cyanine dyes lack fastness to acids and to light, they are of 
very limited interest for textiles, hut a few' members of the series have 
recently found use as basic dyes, particularly in calico printing, and as 
cellulose acetate dyes. 

** For a study of the fluorrscenre of CNsimne an<l related dyes in the nioiioineric state, 
see Hofer, Grnbonstetter and Wiig, 72, 203 (1950) 

^ ^(tn Phystcochim, U.R.S.S. 21, -130, 437, 451 (1940) 

^ J. Chem. Phys. 6, 878; 889; 893 (1937) See also Natanson, SatHtc UO, 197 (1937). 
phys, radium 7, 249 (1946); see aNo Sinip'^n, J. ('hem. Phys. 16, 414 (1947); 
Eggert, Meidinger, and Arons, Ildv. Chim. Arta 31, 1163 (1948). 

See also Bruylants, van Donnael, and JiuU. rhisst set , acad. roy. lielg. 34, 703 
(1948). 

** Koslovi^sky and Mueller (1936), Bthhoyraphij of sdctihfir and industrtai reports^ 
S. Dept of Commercf, 8 , 873, P B 70,053. 
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Classification 

While the name Cyanine denoted the deep blue color of William^’ 
dye, the cyanine dyes now cover nearly the whole of the color range; l)ut 
they belong to a relatively compact group, considering that many hun- 
dreds have been synthesized. The typical cyanine molecule may 
defined as being built up of two nitrogen-containing ring systems in one 
of which the nitrogen atom is tervalent and in the other it is tetra^ 
covalent; the two nitrogen atoms are linked by a conjugated chain of an 
uneven number of carbon atoms. The cyanines are therefore part of tfio 
larger group of polymethine dyes, other examples of which an' discus.sccl 
later in this Chapter. Tn the older dyes, both the halves were <lenvc(l 
from quinoline; but pyridine, indole, benzothiazole, hcnzoselenazole ami 
other heterocyclic derivatives are also known, of which many have foumi 
practical application. The tw^o ring systems may be din»ct ly unitcfl by a 
bond betw’een nuclear carbon atoms, or the union may be effc^cted by 
means of a —CH— group or -CH-(TI- CH - group or a longer con- 
jugated chain containing an uneven number of carbon atoms. Tlu* 
Neocyanines are exceptional in that they contain three heterocyclic 
residues, but otherwise they possess all the typical cyanine charact (Mis- 
ties. The intense color of the cyanines is associated with a rosonanct* 



interaction between the nitrogen atoms at the two ends of the conjugate 
chain, involving the movement of a cationic charge.^ The cyanine dyc^ 
are usually in the form of the iodides, and the anion has therefore not 
been indicated in formulating most of the cyanine dyes, unless a per- 
chlorate or other salt is specified. A recent patent claims that as sul- 
famates the cyanine dyes impart greater blue light si>ced than as iodidt'." ® 

Since the older cyanines are mainly derived from quinoline, it in 
convenient to group the quinoline compounds separately and to ba^c 
further classification of the cyanine dyes on the mode of attachment (^f 
the ring systems. Thus the quinoline derivatives full into four groups, 
of which the first is very small and unimportant. 

I. Apocyaninea: The ring systems are linked directly by moans 
nuclear carbon atoms. 


• du Pont, BP 566,684. 
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II. Cyanines: (a) Pseudocyanines; (b) Isocyanines; and (c) Cyanines: 

The ring systems are united by a group in fa) the 2,2'-; (b) 2,4'-; 

and (c) 4,4'-positions. 

III. Carhocyanines: (a) PinacyanoU; (b) Dicyanincs; and (c) Krypto- 
cyanines: "JTie ring byslems are united by u C'H— CII=('H— group, tlie 
(lifferenee between (a), (b) and (c) being as in group II. 

IV. Polycarbocyanines: "i'ho ring systems are united by a 5-carbon 
chain (Dicarbocyaninesj, T-carbon chain (Tncarbocyanines), or longer 
chains. 

One or both of the quinoline lings in these cyanine types may be 
replaced by other heterocyclic ring systems, such as indole, benzothiazole 
and benzoxazolc; polymethine dyes may al‘-o be prepared in which one 
or both of the nitrogen atoms at the ends of the polymethine chain are in 
extranuclear groups. 

Apoc^avim.s 


When (piinoliiH* ethiodide is treated with alcoholic potash, a mixture 
of two uy , Xanthoapocyanine (yellow') and P>ythroapocyanine 
(reddish), is obtained, and the constitution of the latter follow's from its 
oxidation to 3,4'-di(piinolyl by means of iodine.’ The apocyanines have 
no practi<*al intoiest. 



X.‘lntboapoc^ anme 


ibroapocj ..nine 


Cyaninls 

The condensation of 2- or 4-halogeno(iuinoline methiodide or ethiodide 
with the reactive 2-inethyl group in (piinaldine methiodide or ethiodide 
in jiH'scnce of alcoholic potash (or preferably triethylamine’ or an alkali 
^'iiibonate®) gives a pseudocyanine or isocyanine dye.*® The 2,2'- 
cyanines or pseudocyanines, which sensitize in the bluish green region of 
the spectrum, are technically important, while the 2,4'-cyanincs or iso- 

' Mills anti Ordiach, JCS 81 ( 1928 ). 

* hrookor and Keyes, JACS 67 , 2188 (19.35). 

* ilfileuson and Eastman Kodak, BP 435,542. 

HuTner, JCS 1008 ( 1939 ); ibid,, 206 ( 1928 ); Fischer, J. prakt Cfum 98 , 20 1 (1918); 
Fischer and Schoibe, ibid. 100, 86 (1919). 
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ap.*..co"=a;j-oo 

Et I- I- Et gt r- gt 


+ 2KI + 2,j,( 


2*I(Kloquinolinr 

ethiodide 


Quinaldine 

othiodide 


Et 

Pseudocvamne 


cyanines, once of oonsidcrablo importance, are no longer in commercial 
use. Ethyl Red (MLB) (Hoogewerff and van Dorp, 1883; C'l 807), made 
by the interaction of the othiodidch of quinoline and (iiiinaldino, was the 
first commercial isocyanine; Mictho and Traiibe discovered its sensiii/mg 
action in 1902. Hamer has shoun that a yield of 82% can be obtained 
Avhen quinaldine ethiodide, quinoline ethiodule and caustic alkali aie 
used in molar proportions of 1 The probable mechanism of tlic 
reaction is illustrated for Ethyl Red, and a series of isocyanines hiiM* 



been prepared by this general method. The (pnnolones do not undeige 
this condensation; it uould appear that (I) reads with quinaldine dlno- 
dide, and the product then loses two atoms of hydrogen which le.ut 
with the excess of quinolinium salt that is usually employed 

The constitution of the cyanine dyes can be demonstrated l)\ the 
products of oxidation;^' thus l,l'-dimethyhsocyanine chloride (11) yichL 
cinchonic acid methochloride (111) and l-methyl-2-ciuinolone (I\ ) 



“ Mills and Wishart, JCS 117, 579 (1920) Sop also Adams and Haller, 42, 

2389 (1920). 
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Further, a quinaldine alkioclido or a lepidine alkiodide oxidized by itself 
under certain conditions yields an isocyanine dye, and it is thus clear that 
a quinaldine molecule must be attached in the l-position, and a lepidine 
molecule in the 2-positi()n. 



Kthyl Rod, which confers max. sensitivity at 5200 5700A, was a 
better sensitizer than Cyanine Blue, but several iso(‘yanine dyes superior 
to Ethyl Red were later developed. 'Fhi* main structural variation was 
the introduction of alkyl, alkoxy and <lialkylamino groups in the 
thO'-positions in the isocyanine molecule, and the following are some 
examples; but tlies(» dyes liave long been obsolete. 



I’lnaxciiJol (M1,B ST Krg 1 
NMisifol Ilford) 


I'liKu liKniic; R=-OEt 

< tlioclijomo r, K=^Ie 
IMn.uhi unr \ ioli*t; R=rXMe 2 


The true or 4, t'-eyanines, exemplified by the earliest cyanine dye. 
Cyanine or Quinoline Blue, have no technical interest at the present 
time. They are formed by the reaction met'hanism illustrated for Ethyl 
hed, a lepidine alkiodide being used in place of a (luinaldine alkiodide. 


CAUnOi’YANIM:S*“ 

Among the three types of Carboeyanines, the symmetrical com- 
pounds, or 2,2'- and 4,4'-derivalives, are of technical importance. If the 
Mills and Hamer, JCS 117, 15.'>0 (lt)20V I»opc and MilN, Phot. J. 60, 253 (1920). 
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isocyanine condensation of the alkiodides of quinoline and quinaldine is 
effected in presence of formaldehyde, blue dyes are formed which have a 
sensitizing action in the yellow to red region, well beyond the range of the 
isocyanines (Konig, 1905). The mechanism of the reaction, which has 
no technical interest at the present time, is the condensation of formal- 
dehyde with tw^o molecules of the quinahline component, andthequinolin- 
ium salt is not involved (Pope and Mills), although its presence improves 
the yield (O. Fischer). A general reaction by which the 2,2'-(*ompoiin(K 
or Pinacyanols and the 4,4'-corapoun<Ls or Kryptocyanines can be pr(‘- 
pared is the condensation of 2- or -t-methykiuinoline alkiodifh* with excess 
of ethyl orthofovmate.” Konig (1922) used acetic anhydride as the 
condensing agent, hut Hamer showed that the reaction ])roceeds much 
better in dry pyridine at the boil; the function of pyridine is to absoib tlio 
hydriodic acid formed in the reaction, and a yield of over 70% can be 
obtained.’* The reaction of quinaldine alkiodidc and similar quaternary 
salts with ethyl orthoformate an<l other reagents mentioned lat(»r is 
probably preceded by the removal of a proton by the basic cataly^-t and 
the formation of the methylene base (I).'^ Hamer\ ethyl ortlioformatc*- 
pyridine method is very useful for the synthesi*:? of symnudncal carbo- 
(yanines in general. Syminetri(‘al carbocyaninc's can also be made by 
condensing a quaternary salt of a heterocyclic nitrogen ccuupound lia\ 
a 2- or 4-methyl group with thioformainide, thioforinanilide, lorinaiui- 
doxime, or formamide; the last is the least reacdi\e 

An example of a 2,2'-carbocyaninc is Pinacyaniil (MLB) (Konig. 
1905; Cl 808) (Sensitol Red, Ilford) ma<le from quinaldine ethiodide aiul 



Et I" 




-f Et 1- 



N' N 

Kt -+ 1“ Et 



HC OEt), 


3 Eton f HI 


Pinacj.uiciMbliic in ale solution, \ nia\ OOtOX) 

'' For the preparation of ethyl orthoformato, hee Kauftimnn and Drcger, OiSrt /> 
p. 258. 

Hamer, JCS 2796 (1927J; Konig, Ber, 66, 3293 (1922). 

“ For a discussion of the mechanism of formation of cyanine dyes, see Lai and Pet row . 
7C5S115 (1949). 

Knott and Eastman Kodak, USP 2,487,881. 
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rthyl orthoformate; its max. sensitization is in the region o700-6600A. 
The constitution of Pinacyanol follows from its formation by the con- 
densation of two molecules of quinaldinc ethiodide with one of formal- 
dehyde and from its oxidation with nitric acid to quinaldinic acid etho- 
uitrate.'^ The OjO'-diethoxy derivative is Pinachrome Blue (ST 021). 

Dicyanines/* which are unsymmetrical or 2,4'-carbocyanines, made 
by MLB in lOOti, were useful .sensitizors for the infrared until 1919 when 
I he superior Kryi)locyaniiic was discovered. Dicyanine has IIkS maximum 
sensiti/ing action at about 0200 7100A. Dicyanine.s may be prepared 



by the interaction of one molecule each of a cpiinaidimum and a lepidi- 
niiim salt with ethyl orthoformate.'' 

'rho lirst 4, t'-earbo(*>yanine to be prepared was Kryptooyanine 
(Lastman Kodak) (Adams and Haller, 1919; CT SIO),'^ \vhich is best 
made by the action of ethyl orthoformate on lepidine ethiodide in 
pyridine solution; it is a strong red sensitizer, which has maximum 
activity at about 7r>00A and has been u.s(‘ful for sensitizing in the near 
infrared; but it is no longer used. 



Kin ptocjannu* u»lc pivrni^i hluc,\ iiiav 70o()A') 


Noocyaninc (^Easlraan Kodak) (Clarke. 192.)) may be rcKarded as a 
derivalive of Kryptoeyanino. and was in fact isolated as a Ic.ss soluble 
by-product in the preparation of the latter.* The correct constitution of 
Neocyanine was sugReste*! by Konig'* an<l substantia *^''(1 by Kendall and 
Majer and by ITamer.'*'' F«)r some years it was the best far-infrared 
''Ptisilizer available (with maximum .sensitization at about 8200A). but 
ha.s now been superseded by the tri-, tetra- and penta-carbocyanines. 

'* Mills and Odains, JCS 1916 (19241. 

”.M(''S42, 2661 (1920). 

" KoniR, Z. mss. Phot. 34 , 1.5 (1935). 

" Komlall and Majcr, JCS 690 ( 1948 ). See also BP 638,023-4. 

“ llnmer. Bathhone, and Winton, JCS, 954; 1 134 (1947). 
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Neocyanine has been synthesized by condensing the dianilo-baso (II j 
with two moles of lepidine ethiodido in presence of acetic anhydride and 
sodium acetate.^® This new synthetical method for preparing neo- 
cyanine has been shown to have wide scope, and neocyanines with 
dissimilar nuclei (e.g. Ill) have thus been prepared Kendall and 
Majer^® have condensed carbocyanines with heterocyclic (iiiateinai\ 
salts containing reactive methyl groups and ethyl trithio-oithofoinnili^" 
in acetic anhydride solution to yield trinuclear dyes of the neocyaniiK 
type; they have made the interesting observation that the mam produc r 
is only one neocyanine although an unsymmetrical carbocyanine 
employed. 

POUYCAKBOCYANINKS 

Although Kryptocyanine was an excellent infrared sensitizer, th(‘ic 
was an inten&i\e search in the years preceding the last war for betici 
and more powerful sensitizers. The cyanines in which the numhci ot 
carbon atoms betw'een the ring systems is 5, 7 or a larger uneven niimb(‘i 
may be termed polycarbocyanines, being vinylenc homologs of tht* c.n- 
bocyanines in which the intervening chain contains 3 carbon atoms If 
Q and Q' represent the two quinoline nuclei, Q^CTl( -CH Q' 
represents a poly carbocyanine series; in a dicarbocyanine a = 2, in a 
tricarbocyanine, n = 3; in a tetracarbocyanine n = 4; and so on. \\ hen 
the length of the carbon chain in a cyanine dye is increased, the absorp- 
tion shifts to longer wave lengths with the addition of each vin>leno 
group.** ** The limitation to a progressive lengthening of the chain is 


« Hamer, Rathbone, and Winton, JCS 1872 (1948) ; J 113 (1949). 
** Holmberg, Ber, 40, 1740 (1007). 

Fisher and Hamer, Proc, Roy Soc, London, 164A, 703 (1030). 
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the difficulty in preparation and the instability of the tetracarbocyanines 
and the still higher homologs. The shifting of the sensitizing maximum 
to longer wave lengths can bo effected not only by increasing the number 
of — CII'- units in the polymethine chain, but also (and sometimes in a 
more striking manner) by substitution in the heterocyclic end nuclei. 
The quinoline polycarbocyanines arc less important than other hetero- 
cyclic derivatives, especially derivatives of benzothiazole which give 
rise to thiacarbo- and thiapolycarbocyanines. Some of the methods by 
which such homologous series may be s^uilhesizcd are therefore men- 
tioned in the next section in connection with the thiacarbocyanines. 

The dicarbocyanine (1) lias its sensitizing action at about the same 
wave length as Kryptocyanine (ToOOA) 



Tricarbocyanines (1931 3.*)) are infrared sensitizers, whose response 
goes well beyond 1 1000 A, and an important repre‘^entatl\e of this group 
is Xenoeyaiiinc, whieh has maximum activity at about 850()A and which 
has made the spectral region between 9000 and IKXlOA readily accessi- 
ble.^’^' 28 Xenocyanine is prepared by an application of a general method 


nimu* 


for the synthesis of tricarliocyanines which consists in treating a hetero- 
cyclic comi)Oiind carrying a reactive methyl group with glutaconaldehyde 
dianil hydrochloride {U) in the presence of alcoholic alkali, piperidine or 
triethylamine.28- 27 the jireparation of Xenocyanine, (IT) is condensed 
with two moles of lepidine ethiodide. The intermediate (II) is obtained 
by the interaction of 2,4-dinitrophenylpyridinium chloride with aniline 



Beattie, lloilbron and Irving, J('S 2()0 (1932b 

« Fisher and Hamer, JCS 189 (1933). 

** Clark, Photography by Infrared, 2nd Kd., ^ y, Now York, 1946; Hrooker, Hamer 
and Mces, Phot. J. 73, 258 (1033); Dictorle, Durr and Zeh, Z. wifts. Phot. 32, 145 
(1933); Meggers and Kiers, Bur. Standaid'< J. li(f<earrh, 9, 309 (1932). 

"Brooker, USP 2,09.5,856; 2,161,332; 2,165,337; 2,180,590; Wahl and IG, USP 
t, 878, 557; DHP 499,967. See also IG, BP 138,449-50; 438,484; Keyes and 
Kastman Kodak, USP 2,251,286. 
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IMiNHi, H 
HCl ^ 


H 


+ / 


Ph 


;n- cii=cii-ch=cu-ch=n^ 
(11) 


Ph 


Gl- 


and aiuline hydroclilondc. The iV,iV-djmcthyl deiivutive of (II i 
obtained from monomethylaniline, can also be used.^"* 

Dyes of the tetra- and pcntacarbocyanine series, including those con- 
taining the chains -CTI- ClI -CH Cll-C(OAc) CH-CII ClI-CIl 
and -CH-CH--CH- CU -C(OAc)- CH -CH-CII^-CIT - CII C'll- have 
been prepared, and they seiiMtize far into the infrared, although they aic 
unstable and photographic plates sensitized by them have poor keeping 
qualities ^0 Tetra- and pentathiacarbocyanines (see later) aie ol 
practical value for infrared sensitization. 


DhuivATivi-h OF Bases otuj:u than Quinoline 

Numerous cyanine dyes have been prepared in which (piinoliiie is 
replaced by other nitrogen-containing heterocyclic systems, such as 
(I) thiazoline, (II j benzoxazole, (III) benzothiazole, (IV) ben/osclena- 
zole, (V) and (VI) a- and jS-naphthothiazole. The synthetic reactions 
outlined for the cyanines derived from c^uinaldinc or Icpidine are in 
general applicable to other heterocyclic quaternary ammonium salts 
having a 2- or 4-methyl group. Thus 2-methylbenzothiazolc can replace 
quinaldine in the reactions for the preparation of 4fithyl lied and ot 
Pinacyanol; but the nuclear iodine in 2-iodobenzothiazole alkiodide is not 
reactive in the condemnation®* used for the synthesis of pseudocyanini‘s 
and isocyanines. Because of the importance of the cyanines domed 
from various heterocyclic intermediates, reactions for the synthesis ol 
such cyanines have been extensively studied. 


(f ^C=cn(-CH=CH;,- 

N 

ht I’-t 


ax) 


Fig. 1 gives the wave hmgths of maximum alisorplioii of eight mmks 
of symmetrical cyanines (IX), in wliich n = 0, 1, 2 or 3, and the hclcio- 
cyclic rings are (J)~(VI) listed above, (VII) is 2-quinoline and (VJIB 
is 4-quinoline. It is clear from Fig. 1 that these heterocyclic nuclei lunc 

Zmeke and Wiirkor, Ann 338, 107 (1905). 

*• Brookcr and Keyes, J. Franklin InsL 219, 255 (1935); Dictcrlc and Zch, Z 
PhoL 34, 245 (1935); Konig, J. prakt. Chem, (2) 68, 193 (1913). See Id, 
441,624 for the syntheais of polymcthino dyca substituted in the polyinel 
chain of at least 7C atoms by an aryloxy or alkoxy group. 

•« Z, wt88. Phot, 36, 68; 141 (1937); IG, BP 485,623-4, 503,337; 512,470 
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an increasingly bathocliromic effect in the ordc^* named.** While many 
technically useful dyes are symmetrically ^constituted, many cyanines 
have also been prepared in which the two lielerocyclic components are 
different, as well as types in \\hi(*h only one comjionent is heterocyclic; 
the imsym metrical dyes of eommereial importance are in fact more 
numerous. 



Fig. 1. Wave lengths of mavinunn absorntion in methanol solution ot eight 
MnylenC'homologous series of cyanines (Hrooker). 

Nomenclature. Cvaniues deri\ed from various heterocyclic nuclei 
mav be named in accordance with the classification of the cyanines 
derived from (quinoline, given earlier; the other heterocyclic nuclei are 
indicated by certain conventional prefixes, such thia- for henzo- 
thiazolo, o\a- for benzoxazole, and selena- for benzoselena/olc Examples 
are cited later. In the more systematic Beilslein nomenclature, the 
usual names of the heterocyclic nuclei, the jioMlions of the substituents 



and the number of mcthinc groups are all indicated. Thus the dye (X) 
i^ named 3,3'-iliethyloxathiadicarbocyanine iodide in the first system, 
and [3-ethylbenzoxazole-(2)]-[3-ethylbeiiwOthiazole-(2)] pcntamcthinccy- 
anine iodide in the Beilstein system. 

Bknzothi.vzolk Deriv.\tives 

Among the heterocyclic nuclei other than quinoline, the most widely 
"'bidied is benzothiazole and general methods of preparation, additional 
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to those described for quinoline dorivutives, are therefore discussed lu 
this section. The yellow 3,3'-diethylthiacyanine iodide together with 
the crimson thiacarboeyanine was isolated by Mills from the products of 
the action of pyridine on a mixture of bcnzothiassole ethiodide and 
2-methylbenzothiazole ethiodide (I); and the constitution was pro\ed 
by synthesis from e-aminothiophenol and diethyl malonate.*' A 



U1 f II. 


greatly improved method \\ah disco\erod by Keudall, in which 2-aIk\I- 
mercaptobenzothiazoles are used as intermediates and alkyl yi-toliicnc- 
sulfonates as quaternary salt-forming agents; Hamer has shown that 
the same alkyl group must be present in the alkylthiol gioiip and in tin* 
salt-forming agent since a rearrangement can occur; this leaction. which 
is of wide utility for the synthesis of both symmetiical and iinsymmetinMl 
benzothiazole derivatives, is illustrated for an oxathiacyanine By 
condensing a 2-alkylmercaptobenzothiazole alkioduh^ with 2- or l-nietli\ I- 
quinoline a base is obtained; some of these bases, as w(dl as then (i!iat(*i- 
nary salts, have sensitizing properties 



2-Methylbenzoxazole 2-Alkyl (oraryl)- 

ethiodide mcrcaptobcnzthiazole ethiodide 



3,3'-Diethyloxathiacyanine 

iodide 


Thiacarbocyanines constitute a senes of iiselul sensitizers By 
heating a 2-methylbenzothiazole alkyl halide with ethyl orthoforniate in 

*^JCS 121, 455 (1022) See also Hofmann, Ber 20, 2251 (1887) 

” Kendall, BP 424,569, 425,009; 438,420; 456,302, 477,983; Kendall uii*l Siwate, 
JCS 1503 ( 1949 ); Hamer, JCS 799 ( 1940 ); see also IQ, HP 423,792, Kendall. 
BP 431,141. 

” Brooker and Keyes, USP 2,1 17,936, Biookrr, USP 2,202,827, 2,231,657. 

See also Brooker, HpraKiie, aial Kastman Kodak, USP 2,345,094, 2,393,743 
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Thiacarbocyanine 

R it 

pjriidiiio, ciini'^on tliiacailxx ya.ninc s aic ohtdincil 1 licsc arc poweitul 
(>icon sonsiti/cis Xnothor to tlnacaibocjaiimes is the condensa- 

tion of a moKaptol)cn/othia/olo with Klutaconn acid oi crotonic anhy- 
dnd(‘ \ cyanine d< lived fiom phr nanthiathi i/oh is fll) used hy Vgfa 
in the top coat of a loll film 



3 i I)mirth>ll' l^^arbo(^anlne iodide 



(II; 


I ns>mmc 1 iual < ailux \ 4 inmcs (III) aie of gic it technical impoitance 
ind methods loi then svnthesis hive been cxlcnsivclv investigated 
Ihc recpiiieinent foi pioducing an imsv mmetiic al caibocvanine of 
luthc nti( stiuc tuie is to elfc < t the s^ nthesis in two st iires, the Oz-aldelivde 
(I\ ) (01 a (Iciivative or ccjuiv lUnl) is lii>t piepaicc! nd subscquentlv 
umdensed with (^ ) in icetic anhvdiide 01 pviidiiic solution The 


r-X 

Q> 


j—C Ho 

^ IN) 



r^\ 

Y-cn-cn 

^ (III) 




X- 

R' 


aldchydcgioupin (IN ) i an be intioiluud bv tieitinent ot the appiopriatc 
hettioiyclic ('ompound having a rt\i(tive 2 -raethvl 01 mc^th>leno group 
^'lth formylatmg agents such as \ -meth\ Itoiinaiuhdc in piesencc of 
phosphorus oxychloride 01 phosgene ** Ixnott has shown that alk>l 
K<ndall, BP 431,180 

* / / IT’ 364-360| a dve of this tv pc with I t instead of Me was described b\ Keves 
md Brooker, J iCS 59, 74 (P)S7) 

It*, BP 438,278, 500,797, set' also C iht, BP 331 700 1 nstinsn Kodak, BP 406,215, 
Knott and Lastman Kodak, liP 577, 5IS •» Ivnott, l< S 120 (1946), ibid 687 
'1946), imp 2,487,882 
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isoformanilide (alkoxymethyleneaniline; PhN^ClIOR) gives a good 
yield of the anil of (IV) in the form of the iS-anilinovinyl compound 
(~CH2Cn-NPh^-CII=Cn-NHPh).3« The condensation of (IV; 
with (V) can be facilitated by converting (IV) into derivatives such 
the semicarbazones®^ or the thioaldehydes.®** Thioaldehydt; and thio- 
ketonic derivatives of the usual 2-methyl intermediates for cyanine dyes 
can be prepared by treating the appropriate aldehyde or ketone with 
phosphorus pentasultide in pyridine.®** A valuable general method 
for the synthesis of unsymmetrical oarbocyaniiies involves the* use ol 
diphenylformamidine.^® Acetic anhydride plays an important part in 


(I) 4- PhN=CH— xNHPh 


Ar,0 



\ 


Ac 


N I 
Kt ^ 






(VI) 


Ph 


(VI) + H,C- 






1 - 



the synthesis, since the iV-acetyl derivative (VI; of the ini(*rm<Mli;iic 
product gives a much higher yield than the unacetylated compound 
Using an A’’-uIkyl diphenylformamidine in this n‘a(*tion, the intenn(*dnil<' 
compound (e.g. VIl) can be hydrolyzed by acpieous caustic soda to the 



a \'=CII-CIIO 
Et .VIII) 


w-aldehy<le (VIII).^- Another useful general reaction is to con(lt‘iis(‘ iIk* 
quaternary alkyl p-toluenesulfonutes of lieterocyclic bases containinj^ 
reactive methyl or methylene groups with esters of trithioorthofoinuc 
acid in acetic anhydride solution. The intermediate 2-ii-ethylthiovin\l 



-CH=CH-SEt 


(IX) 


K 

IG, BP 486,780; 010,242. 

»• Kunietat and Bieator, USP 2,349,179, 2, 351, .'>24. 

M Brookcr, Keyes, and Eastman Kodak, BP 566,010; Sinet ami Mecs, ESP 2 , 3 »') 6 ,.» 0 ') 
Piggott, Rodd and ICi; USP 2,071,898-9; BP 344.409; 353.803: 354,898. S(m- aho 
Knott, BP 009.814. 

Ogata, Proc. Imp. Acad. Tokyo 13. 325 (1937). 

IG, BP 486,780. 
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lompound (IX) is then condensed with the usual type of 2-methyl com- 
pound (e.g. I) to obtain the desired carbocyanine.^* 

The diphenylformamidine method for the synthesis of an unsym- 
metrical carbocyanine, in which one component is a benzothiazole and 
the other is a quinoline, is illustrated by Ma 2116 (IG) (Chart 1); this 
dye has its sensitizing maximum at TOoOA.^^ The condensation of 
,V-cthyl-2,5,6-trimethylbenzothiazote ethosulfate with diphenylformami- 
dinc is effected by heating the two in acetic acid-anhydride solution on 
the waterbath for 30 minutes. Dilution with ethyl acetate gives (X), 
from which the base (XI) is libeiaied by heating with aqueous caustic 
soda. 

Brooker has described a series of iV,A"-diaryl-cyanine and -thiacar- 
bocyanine dyes. 3-Phenyl-2-methyll)enzolhiazolium iodide, intermedi- 
ate for this type of thiacarbocyanim^s, is prepared by oxidizing 
diphenylthioacct amide wdth iodine.^® Kiprianov and Ushenko describe 
a simplified procedure for the preparation of AT-phcnylbenzothiazoles; 
a benzene solution of 2-mercapt()diphenylamine is treated with an ac}'! 
chloride, when the corresponding 2-alkyl-3-phenylbenzothiazolium chlo- 
nde separates immediately, and this is readily converted into the iodide. 
Cyanine dyes have been prepared from the 2-mothyl derivative, and the 
.V-phenyl group has a strong bathochromic effect.*^ 

Symmetrical and unsymmetrical carbocyanines with an alkyl or 
other sulistituent in the methine chain have been prepared by several 
metliods and some are useful sensitizers Brooker and White have 
shown that a thiacarbocyanine with a methyl attached to the middle 
methine group can be obtained in 50% yield by heating (1) with pyridine 
and triethylamine, the central "CMe group beinc provided by the 
breakdown of the thiazole ring in (I).**" A further mt‘ hod for the syn- 
thesis of symmetrical carbocyanines with an alkyl attached to the middle 
methine group is to replace ethyl orthoformate by the orthoacetate and 
similar esters for the condensation of compounds of the type of (I), 
although the reaction does not proceed with all such quaternary salts. 
For the preparation of unsymmetrical carbocyanines Mich as (XI\ ). (I) 
treated with acetyl chloride in pyridine, and the product (XII) is 
rondonsed with a quaternary salt such as (XIII) in acetic anhy<lride to 

'’Kciidnll ami Major, JCS 687 (1948); FSP 2,138,705 Toi other methods of pre- 
paring cyanine dyes s<‘e BP 620,106; 620,122; 630,758; 640,127. 

**FIAT 943 . 

“Brooker, Williams and Eastman Ko<lak, Bl' 551,330-1, 551,821; 552,300; BP 
018,073; XTSP 2,317,357; Kiprianov and Tshenko, ./ Gm Chem U.SS.R.Xl, 
2201 (1947). 

»7, S47 (1935). 

Ilnmer, Jf\<J 3i(jo (10281; Brooker anti White, ./ ^('.S 67, 2480 (1935) 
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CHART 1 

Prbi'ahation of Ma 211(1 



I- Mb 2116 
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form the cyanine dye (XIV).« The ketone (XII) can be converted into 
the corresponding thioketone and then condenhed with (XIII) Another 
method of linking up two components such as (I) and {XI II) to form 



(XIV) IS to use ethylisothioacetamlide (EtS CMe -NPh) Rr 1050 
(fO), uhich has its sensitizing maximum at 5550 5 iOOA, is an oxathia- 
caibocyanine with a branch methyl group, piepaied by the use of ethyl 
isolhioacetanihde (Chart 2) A thiacaibo(‘vanme with a branch 

(’II\RT 2 

Phi- I'^R vriuN oi- Kh 1(i>0 



broolviT, WTiitc, and lOastman Kodak, 2,112,13')-40 , 2,369.646 i, 2,441,529; 
« ^66,246, 466,269 

BP n2,309; Koslowukv. 2,l07,37‘t 
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methyl in the carbon chain, used by Agfa in the undercoat of a roll 
film, is (XV).36 



Symmetrical carbocyanines with an o-earboxyphenyl or jtJ-cai boxy- 
ethyl subhtituent on the mcA'o-earbon atom have been prepared by con- 
densing (!) and its analogs with phthalic or succinic anhydride.^®® Sub- 
stitution of an alkylraercapto group at the central C atom of an unsym- 
mctrical caibocyanine yields a dye with very high sensitizing action. 

By condensing 2-ethylbcnzothiazole methiodidc with ethyl ortho- 
formatc» an 8,10-dimethylthiacarbocyanine (XVI) can be prepared; and 



analogous dyes containing other bubstituents in the end methine gioup^ 
can be prepared by using suitable intermediates for the ethyl oidio- 
formate condensation.^® Carbocyanines in ^^hl(h one or both llic 
a-carbon atoms carry an alkoxy or aryloxy group absorb more in the rod 
Thiapolycarbocyanines (XVII) in which n varies from 2 to 5 ha\o 
been prepared, the color deepening in the expected manner® as the length 

Lt II) Lt 

of the carbon chain increases. The absorption and scnsitiising spcdia 
of a series of dyes of the formulas (XVII) and (XVII I)'® arc shown in 
Fig 2 'I'he shifts in wave length between successive maxima are about 


a 




\ 

^C=CH-CH=CH-CH=CeCH=CH)— C’ 


(XVIII) 


C107 




Brookor, Sprague, and lOastman Kodak, l^SP 2,226,156 
Govaert Plioto-Produvton, BP 623,990 

Konig, Kleiat and Gotze, Her. 64 , 1064 (1931); Zeh and Sohnoidor, USP 2,06.'), 411. 
Ilrooker, USP 2,060,023; Brooker, White and Eastman Kodak, BP 5't2 ‘2(.7 
USP 2,478,366. 
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1000A.‘ Soloviev has found that the adsorption of a vinylenc series of 
thiacyanines by silver bromide increases regularly with increasing chain 
length. The maximum of sensitizing is displaced towards the long \>ave 
length and the concentration of dye corresponding to optimum sensitizing 
(lecreasos (together with an increase in fog), as the chain length increases.®^ 
The thiatetracarbocyanine (XVII; n = 4) has its sensitizing maximum 
at about 9400A, and the thiapentacarbocyanine (XVII; n = 5) 



Ing 2 Absorption spectra of d\cs dissolved ai ineth mol, A, B, C, D, d>es of the 
stnuiure (\\ II) \\ hen n = 0, I, 2, 3, iesp(»cfi\cl> , I)', J/, T', dyes of formula (Will) 
i\hcii ;? = 1, 2, 3, respecti\elv Sensitization (Mir\es foi dyed *<11% er chloride emul- 
sion A. H, O coirespoml to the sensitnities (onfciied b\ (hi's of formuKi (\\ ID 
when n = 0, 1, 2, 3, resix'ctiveb (Brookcr 

at about lOoOOA The thiapenlacarbocyanines ii un the naphtho- 
thia/oles sensitize with maxima at about 10000 \, biJ lines ha^e been 
photographed beyond 13000A \Mth then aid ** Photographic plates 
sensitive to the inirared to 13000 A have been jiukluced commercially, 
and the spectrum of the sun has been mapped to about 13000 V (Babcock; 
Heizherg).-® 

The replacement of ethyl orthofoimate in the caiboiyaiiine synthesis 
i>V i3-etho\yacrolein acetal leads to a dicarbocvaiiiiie '' A ^-alkyl- 
mercaptoaerolein dialkyl niercaptal ot the general formula IISCII 
CHCH(SI {)2 may be used in place ot /i-ethoxyacndein acetal: the reac- 
tants are refluxed in pyridine solution for lo minutes Another route 
to bymmetrieal diearbocyaiiincs is exemp* fled by the preparation of thia- 

phys. Chem. U.S.SM, 19, 451 
Komg. USP 1,624,791. 

Kendall et of., IJ8P 2,412,81 M). BP 553, 143-4 soo also Kastman Kodak. BP 
065,266. 
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dicarbocyanine from 2-alky'mercaptobenzothiazole alkiodidc and sorhu 
anhydride.*^ The condensation of (IX) with cyanoacetic acid gives a 

2 (I) -f EtO-CH=CH-CH«(0£t)« 



3,3'-Dioth> Ithiadicarbroyaiiiiie loiiulo 


dicarbocyanine with a 7neso cyanomethine group.®®" Unsymmetri(*al 
dicarbocyanines can be prepared by condensing (I) with j^^-anilinoacrolcMii 

Ac 

X-CH=CH-CH=CH-N^ 

Et vXlX) 

anil (PhNHCH- CH— riJ ~NPh) in acetic anhydride o form (XIX). 
which is then condensed with a quaternary salt liaving a reactive 2-metliyl 
or methylene group.®^ Symmetrical and unsymmcincal tricarbocyanino^ 
can be prepared by using gliitaconaldchyde dianil hydroch oride.-^ 

The compounds with 9- and 11-carbon chains are difficult to syn- 
thesize and are unstable;®® but the stability is improved when they 
are converted into the perchlorates. Tetra- and pentacarbocyamiu's 
(XVII) without th^ acetoxy substituent have been stated to be more 
stable than (XVIII) and to have superior sensitizing propertie.s, and a 
method for their preparation has been outlined by Dieterle and Hie'-l(‘i 
The method consists in the condensation of tetrahydrociuinoline v\ith 
3-ethoxyacrolein acetal, hydrolysis of the product (XlXa) with alkali 
to tetrahydroquinolylacrolein (XlXb), condensation of (XlXb) uitli 
malonic or glutaconic acid, and final condensation of the bis-telrahydro- 
quinolide (XIXe) with quinaldine alkiodide. The dyes (XVIII) aic 
prepared by Konig’s extension of the glutaconaldehyde method for (he 
preparation of tricarbocyanines; the dianil hydrobromide obtained hy 
the action of aniline and hydrobroraic acid on furfural or the approprndc 
vinylene homolog is condensed with 2-methylbenzothiazole ethiodide 

Doyle, Kendall, and Ilford I-td. BP 620,801-2; USP 2,471,488. 

M Piggott, Rodd, and ICI, BP 355,693; IG, BP 434,234-5; 74fh, USP 2, 131, 

other modifications of the general reactions for the preparation of unsymmt'lrjrjil 
pentamethinecyanines, see Sprague, and Eastman Kodak, USP 2,26*».2.M 
Kendall and Edwanls, BP 562,565-8; Hamer, JCS 32 ( 1949 ), 
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The 0-acetyl group in (XVIII) makes the dyes more stable than the 
hydroxy compounds. 



mi 

c~c 

lU II. 


+ KfOH(' = rU— (iUOEt), 

/M.tiiow.u rohMii acvtal 


Utl 




iI,C N-C’ll=C’l£— CU=N pu 

c-c c-c 

II, H. Cl~ H, H 

(XlXii) 


KOH 



lliO N— C'll==('ll— Clio 

0—0 
If. H. 


Miiull ( Ot KlutXLDUlt 

ID I AcOH Ap*0 



H, 11^ \U 11, 


\iO- 


C\IXc, 11 ^3 or 4) 

The numerous \antttions that are po^slble in the structure of cyanine 
dyes may be illustrated by a few further examples of thiazole derivatives. 
The dye (XX) represents a type in which four of the carbon atom.s of a 

(XX) 

benzene ring form part of the methine cha.n joining the nitrogen atoms 
'D a tliiadiearbocyanine. It is t)btaineci by tiie action of ammonia on 

2-(p-2'-benzothiazolylbenzyl)benzolhiazole diethiodide.” 

“hrooker, Sprague, and Eastman Kodak, I’SP 2,3.50.445; K.pnanov rf al . J. Gen. 
Chem. 14, 866 (1944). 
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Neocyanine is one example of a trinuclear cyanine dye; and anothfM 
type of trinuclear cyanine is represented by (XXI) prepared by tlu 
condensation of 2-methylbGnzothiazole etho-p-toluenesulfonate (2 mols; 
with 2,4-diiodoquinoline ethiodide.^® It is a good sensitizer and if a 
silver chloride emulsion is sensitized with the dye, the sensitivity curve 
shows two distinct peaks at about 4500A and 5500A, which are closely 



related to the absorption maxima.^ TIk^ dye (XXII) is an example ol ,i 
new class of trinuclear cyanine, in which two nitrogen atoms are (luatci- 
nized; (XXII) is prepared by heating 2,2'-dibenzothiazolylmetlumc with 
2-(/3-methyImercapto)v’inylbenzothiazole elhioide in pyridine containiiii' 
a little tricthydamine.‘‘**“ The T-methyl group in (X\') can condenso 
with aldcliydes or with quaternary ammonium salts f)f heterocy(*lic coin- 
pounds containing an alkydthiol group in a rerrctive position (e , 
ci)-methylmcrcapto(iuinaldine elhiodide) to form t nnuclear cyanine 
dyes.'” 

BKXZOXAZOLh DkKIV \TIVhS 

The oxacyanine (I) is of interest, since it was the first coloilc^- 
cyanine to be synthesized. The synthetic method'^*' had already proved 



useful in the thiacyanine and indocyanine series;®® it consists in treat lufj 
a quaternary salt containing a reactive methyl group (c.g., 2-mctliyi' 

‘•Brooker and Smith, JACS 59 , 67 (1937). 

Anish and General Aniline and Film, USP 2,427,177; 2,432,060. 

Ogata, Bull. Chew Soc, Japan 11 , 202 (1936); Brooker, White and Kastman KodaK, 
USP 2,282,115. 

Fisher and Hanior, JCB 962 ( 1984 ). 

Kuhn, W^interstein, and Balser, Her. 68, 3176 (1930); Fisher and Hamer, JV^ 
( 1980 ) ; IG, BP 380,702. 
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beiizoxazole ethiodide) in boiling acetic anhydride with amyl nitrite, 
and cooling. 

Bau 2000 (IG) is made by the indicated reaction and its sensitizing 
maximum is at r>450 -5500A.^^ Rr 340 (IG), an analog of Bau 2000 in 



Hail 2000 


A\hich the A^-alkyl grouph are lOt instead of Pr, has its sensitizing maxi- 
mum in the same range.** A third example of an oxacarbocyanine is 
Hr li)2b prepi'ired by treating 2-methyliiaphthoxazole cthosulfate 



til) with ethyl orthoformate in boding pvridine lor H hours.*’ 1'he dye 
has Its sensitizing maximum at o250A 


BlAZOShM WZOLh Dhlin \TlVhs 

Kt Olo (IG), which has its seiisiti/ing maximum at oooO oGOOA, is a 
good example of the method of synthesis of a mixed ^carbocyanine in 
which one component is a henzoselonazolc and the other is a benzimida- 
zole (Chart S).*** The imidazole (I) is prepared by acctylating the 
o-phenylencdiamine derivative (II) with acetic anhydride, distilling off 
excess acetic anhydride and distilling the residual acetyl derivative (III) 
at 254V4-5 mm. The distillate solidifies on cooling. The selenazole 
(IV) ia prepared from diazotized a-nitraniline, which is neutralized with 
i»o(Uum acetate and treated with potassium selenocyanate solution at 0®. 
Heduction of o-nitrophenyLselenocyan«* e with alcoholic caustic soda 
ftml hydrosulfite gives 2,2'-dianiinodiphenjidiselenide, wdiich is heateil 
^'ith zinc dust and acetic anhydride at 1(K)® for 20 hours to give 2-inethyl- 
Kor tlic preparation of cyanine <lycs containiiiK the naphtho[l,2lselennzole nucleus, 
see Cressman and Kastman Kodak, HP t>10,r)06. 



CHART 3 

Prepabatxon of Kt 946 


cir'^'^ci 

Clk^^NOs 

|H,NCH,CHtCH,OH. 06 hra. 

Cir"^NHCH,CHaCH,OH 

CiL^NO: 

1 SnCI], cone. HCl 
2. 50% aq. NnOH 

Cir^^NHCH,CH,CH,OH 

ClIv^NHa 



KSeCX. AcONa, 
2-3 hra. 


SeCN 

NO: 


1 45% NuOH. 111.' . 
Nti2SjO« 

'^2. Ac,(). 70“ 




AciO, l>oil 


(III) 


Clf'^^NHCH.CHjCHjOAc 

ciL^^nhac 


I. Zn Huat, boil, 20 )ir« 
2 Etl 


I Et 


(IV) 


(I) 


Cl| 

Cl 


CH.CH.CH.OAc 

. SSe 

PbAcN— CH=CH-C^ 


DiphonylforinaniKiiix'. 
KciO, 4.V 


a;>- 


MpsSOi, 130*, 30 mina. 


<o 

T- N 
^ Et 


(V; 


CH,CH,CH,OAc 

aOC 

N 

, Me MeSOr 


Et 


20% NnOH. MpOH 


(VI) 


I. Pyri'line, piperidine, 135-140*, 45 mine. 
2 NINONS 


CH,CH*CHtOAc 


.N‘ 

Se. 

^C-CH=CH 

-CH=C"^ 



Me CNS- 

Et 


Kt 945 


1108 
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benzoHelenazole. The cthiodide (IV) is then condensed with diphenyl- 
formamidine in acetic anhydride at 40-95® during 10 minutes, and the 
product (V) precipitated by alcohol-ether. The base (VI) is liberated 
by boiling methanolic (*a\istic soda and steam-distilled; the oily distillate 
IS taken up in benzene, clarified with charcoal and the solution concen- 
trated, when yellow crystals separate on cooling. This material is 
turlher purified by dissolving in chloroform (charcoal), adding toluene, 
cooling, and shaking with water, when yellow crystals are obtained. 
For the condensation of (I) and (VI) to form the cyanine dye, (I) is first 
converted into the imidazole methosulfate (VI I ) by heating with dimethyl 
sulfate at 130®. The reaction product is then heated with pyridine, 
piperidine and (VI) at 135 1 10® for 45 minutes. On cooling and adding 
20 aqueous ammonium thiocyanate solution, the dye slowly crystal- 
lizes out, and is recrvstallized from methanol-ether. 


Indoc’VHhoc^ \m\es 

By using indolenine derivatives, cyanine dyes are obtained, which 
have a liTr.i*H use, not as photographic sensitizers, but as coloring matters 
for textiles. Astraphloxine FF (KJ) (Konig, 1922), prepared from 

2.3.3- trimethylindolenine methosulfate (I) by the general ethyl ortho- 
formate method for carbocyanines, is a beautiful bright red basic dye, 
which is valued in calico printing. The indolenine interme<liales can be 
prepan*d by applications of the Fischer indole synthesis. The action 
of condensing agents (zinc chloride, h^xlrochloric acid or sulfuric acid) 
on the phenylhydrazone (II) of methyl isopropyl ketone leads to the 
indolenine (III), from which (I) is obtained by treatment with dimethyl 
sulfate. A second route is to carry out the Fischer synthesis on the 
phenylhydrazone of methyl ethyl ketone, and metl»\ late the re.sultant 

2.3- dimethylindole by means of methyl bromide in methanol. Like 



CHMe, 

^C-M. 

NH— 

(II) 






CMe 


MeiSOi 




\ 


(III) 


.MeSl>r Me 
(I) 


CMe 


/ 


/ 



\ HC(OEt)i, pyridine, boil 
2 HH 


Cl- 
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other basic colors, Astraphloxine FF is not fast to light, but because of 
the clarity of the shade and the good fastness to washing and alkali, tho 
range has been extended. An example is Astra Violet FF extra (Krj 
which is made by treating the 5-acetamido derivative of (I) or the corre- 
sponding base (IV) with sodium formate and acetic anhydride at 30® for 



several hours, pouring into dilute hj'drochlonc scid and salting out ' 
The symmetrical trimethine dye from the quirioxaline dtuivative (\ ) lias 
been stated to dye tannin-mordanted cotton in green shades fast to iu‘id 
and alkali. 


Mis<m:llaneous Cyvnine TvcKh 

Methylenedioxy groups in the thia/ole or selenazole nuclei ot i\.i- 
nines are claimed to give much .stronger al)sorption'4>y the silver halide 



grains and to prevent the wandering of the dyes to adjacent laycis.** 
A recent innovation is the production of polymeric (Ranine dyes such 

*^BIOS 1488. 

IG, DRP 744,019. 

M IG, BP 506,720. 

Anish and Hensley, CP 441,072, 
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(1), which extend the sensitivity of silver halide photographic emulsions.*^ 
Cyanine dyes with recurring nuclei, which are fast to diffusion in emul- 
rion layers, are prepared by using methylene bromide, glycerol dibromo- 
liydrin, etc., for linking the nitrogen atoms of the usual heterocyclic 
intermediates and then proceeding with cyanine dye condensations.*' 
A^-aryloxy-, aryltliio and arylseleno-alkyl cyanine dyes have been 
described.*'" t-Furyl an<l l-benzofuryl-2-raothylthiazole.s yield .sensi- 
tizers.** 'J’hc thiazoline derivative (II) sensitizes to .>2jOA with a 
maximum at 4950.\; it is prei)ared by condensing thioacetanilide with 


II,C— Br 
ni— Br 


+ 


X 

/ 


C— CH, 


NH 

I 

Ph 


1 AcOXa, liO* 
I H,U, NaCIU, 


H.C"^ \ 
1 


Ph 


C— CH, 


cior 


HC(OEt)i, pyridiiip 


H,C' 

I 

H,C^ 


-s s 

\ / ^CH, 

^C-CH=CH-CH=C, I 

Ph (II) Ph 


ethylene dibromide, converting into the ])orchlonite, and condensing with 
ethyl orthoformate.®® The thiazolothionaphthenc derivative (III) 
(‘Xtends the sensitivity to 7()00 a\ with maxima at 5400A and OOOOA.®^ 


— C x\Et EtN C 

li li I 


(III) 


Hamer and her collaborators have descri!)ed a series uf thiazinocyanines.®® 
Some unsymmetrical carbocyanines containing the phenyl-substituted 
oxadiazole nucleus arc green sensitizers. Cyanine dyes which contain 
at the end of the niethine chain a l,2,4-o\a(liazole nucleus and an electro- 
negative group can be used for dyeing fabiics.®'*'^ TIeimbach and GAFC 
have described cyanine dyes (c.g. IV) derived from 1 ,3, 1-triazaindolizine."® 

\N ilboii and dll Pont, l\SP 2,39:^,351; 2,425,772-4. 2,405,771. Brooker and Eastman 
Kodak, USP 2,401,137; BP 010,004; Covaort Photo-Prod.icten, FP 030,514. 
Anish and (Jeneral Anilino and Film, PSP 2,504,015-7, BP 031,124. 

®Xhi Pont, BP ,571,077. Sop also Knott, llainor, and Bidhhono, PSP 2,481,673. 

** Brooker and Kastman Kodak, I'SP 2,411,558. 

Middleton, Da\\son, and du Pont, USP 2,424,483. 

®*.yC*S 222 ( 1946 ); and earlier papers. 

Bauer, Wilinaniis, and General Aniline and Film, USP 2,312,008. 

Gevaert Photo-Producten, BP 026,470. 

"fSP 2,443,136. For further examples of misceUanooub cyanine dyes, see BP 
027,521; 031,848; USP 2,495,260; 2,464,785; 2,466,523; 2,471,426; 2,481,674. 
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C-CH=CH-CH=C-CH=CH-C = 


N 

Et 


r\ 

I ^CH 

Et (IV) 


HeMICY VNINKS 


"J^hc cyaiiines may be regarded as part of a widc'i* class of poly met h- 
ine dyes, defined as ammonium salts containing a polymethine chain 
'“-CH( CII terminating at either end with a nitrogen atom, so 

that the cation is a resonance hybrid of the limiting structures (A) anri 
(B). In the cyanines, both the nitrogen atoms arc part of ring systems, 

+ 4 " 

(A) --X— CH( -C'll ♦ - -XI-(UI C\\)n-CU N— (H/ 

I I 

I 

but it is obvious that there can be varied types of polymethine dyes in 
which one or both the nitrogen atoms may he extraiiuclear, and a part ol 
the carbon chain may be included in a ring system Thus, alkvlatioii 

of the dianilide of glutaconic aldehyde yields PhX(Me) ('ll C'll C’H 
-s 

CH C'll -X(Mo)Ph which is an early example of a polymethine d>(‘ 
While Konig and others have ])rex)ared many representatives of tlu 
polymethine class, some of the dyes, especially 2-styrylindole deriva- 
tives,’^ have recently proved to be technically valuable for dyeing and 
printing acetate rayon. A few p-dialkylamiiiostyryl dyes, siu-h as 
have also been shown to have cimsiderable sensitizirilt action; they aic 
readily prepared by condensing a heterocyclic (‘ompound having a rem- 



Et (V) 


tive methyl group with a p-dialkylaminobenzaldchyde in pr(‘seiic(' ol 
piperidine.” Simple hemicyanine dyes can be prepared by treating ji 

Cf. Eiatort and Kochendoerfer, USP 2,350,393. 

« Kdnig, J. prakt. Chein. (2) 86, 166 (1912); Mills and Pope, JCS 121, 946 ( 1922 ). 
Smith, ibid. 123, 2288 (1923); Brooker et ol., JACS 67, 1875 (1945); Piois ixwi 
Spoerri, ibid. 70, 3073 (1948), See also Katayanagi, J. Pharm. Soc. Japan, 69, 
137 (1949), et seq.; Brooker and White, USP 2,494,032. 
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c-yclammonium salt, having a vinyl group in the a- or 7 .position, with 
(‘xcess of a primary aromatic* amirie.’^" Greenish yellow to orange dyes 
for (‘elhilose esters with goexi fastness to light have* been prepared from 
oxindole, c.g., by rondcmsalion with 7^"(hi'''“2-chI<jroethyl)aminobenzal- 
dehyde.7-* Vinylene series of the type (\'I) in uhieh IV and R* are H, 


Et 


(VI) 


alkyl or aryl, oi‘ X is pari of a hc'teroeyelie niirleus (c^ g. piperidine) have 
also been synthesized.*' ^* Styiyl dyes containing two or more styryl 
groups can be prepanxl troin siieh internuxliate^ as l,4:-bis-(p-formyl- 
phenyl) piperazine'. ^ *" 

Pyrylium salt s such as 4-(p-dimet hylann .iOstyryl)-7-hydroxy-2- 
phenylbenzopyryliurn chloride, prepared by condensing p-dimcthyl- 
aminobenzaldehyde with 7-hydroxy- 4-methyl-2-phenylbenzopyrylium 
chloride, be ummI as tiller or antihalation dyes in photographic 
materials,'^**' 

Sensitizing dyc's (e g, ^’ll) of a new and very interesting type are 
obtained by reacting a pent-2-en-4-yn-l-al (HC'^C—C'R CH CIIO), 
c.g the 3-methyl compound, or an aldchydic iunctional derivative, with 



R 

C=Cti- cn=CH-C=C=CH 
/ 


Et 


2-methylbeiizothiazole ethiodide. 2,3,3-trimethylmdoleiiine elhiodide, or 
similar cyanine dye component.^® 

The Astrazons (IG) arc a series of brilliant wa^er-soluble dyes for 
cellulose acetate,^® belonging mainly to the polymethine class." Con- 

0<*vaort Photo- Prodiu* ton, HP (> 10,004. 

’ Stammers and ICI, BP 695,571. 

^ \Mute, Keyes, and Eastman Kodak, PSP * 100,730. 2.203,749 
du Pont, HP 022,223; 022,272 3. 

Thompson, and General Aniline and Film, HP 015,252. 

‘Mones, Reed, and ICI, HP 016,223. 
filOS Misc. Report 80 ; BIOS 1088 . 

Tnphenylmethanc dyes of the Astra zon range are mentioned in Chapter XXII I. 
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TABLE I 

Constitution of the Astrazons of the Polymethink 


No, Aatraion 
I Yellow 3(* 


Conshtution 



OMe 


Me 


Components 


(XI) and 2.4- 
diinethoxyanilino 


2 Yellow 5G 


3 Orange G 


4 Orange R 



(XI) and 6-amino>2- 


I XL) and 2>meth>l- 
indole 


(Mil .R - H)and 


5 Red 6B 


,x.R'^Mo.U' = K 

C-CH=CH— ( >N. 

Me 


ClLCILCl 


(VIIL R = H) and 


6 Pink FC; 


Qr )o-ch=chh3n: 


(VIII, R *- H) and 


Me 


Me 


7 Violet R 

a CMc} 

\ 

C-CH=CH 

Me 


(VIII . R - COOMe) 

^OEt 
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^idering that they are basic dyes related in structure to the light-sensitive 
cyanines, they are remarkable in their possessing good fastness to light 
(40), besides excellent fastness to washing and sea water. They are 
recommended especially for printing acetate rayon and mixed fabrics of 
acetate and viscose; for obtaining the maximum fastness to washing, it is 
necessary to give the prints, after the usual steaming process, a final 
treatment with Katanol WIj (trichlorobenzylphcnol sulfonic acid). The 
Astrazons are prepared by one of two general methods: (a) the condensa- 
tion of the indolenine base (VIII) with the appropriate aldehyde (e.g. 
IX and X) or (b) the condensation of the indolenine co-aldehyde (XI) 
With the appropriate amine or 2-methylindoIe.^’* The aldehyde (XI) is 
pi(*paied by the direct formylation of the base (VIII) by means of 



V-methylformanilide in presence oi phosphoius oxychloride or phosgene 
i-Methyl-2-j)henylin(lolo-.‘I-aldehyde (XII) and A"-methyI-4-ethoxydi- 
phcnylamine-4'-aldehyde (IX) aie prepared similarly liy tormylation of 
I“n\ethyl-2-j)henylindole and .V-methyl-4-ethoxydiphenylamine. The 
polymethine dye is readily obtained by heating tin tw'o components in 
glacial acetic acid solution at about 100®, pouring thf rt action mass into 
water and salting out. The curnmt range t)f Astrazons, other than the 
triphenylmethane derivatives, are listed in Table I, and the last column 
gives the tw'o components which are condensed together to form the dye. 

Phosphomolybdotungstic acid lakes of cyanine, carbocyanine, and 
styryl dyes are bright pigments with excellent fastness to light, stated 
to be superior to the analogous pigments of the triphenylmethane series 
(t'ce Chapter XXII1).’“ This is a noteworthy claim since the cyanine 
dyes are particularly fugitive to light, and with few exceptions, are quite 
unsuitable for use in dyeing or other coloring purposes. 

MhKOCYA. 'Ni:s 

Tlic name merocyaniue (Creek meros = pari) w’as suggested by 
Hamer for a new’ class of scnsiti/ing <lycs discovered independently by 

^ IH, BP 402,238 
"" IC;, BP 448,508. 
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Kendall'**’ and Brooker,*'* based on the observation that p-<lialkylamino 
benzylidene derivatives such as S-p-dimethylaminobenzylidencrhodanm* 



CO 


\ 


a.. 


C=CH 


(II) 



(I; Feigl’s reagent for silver) and 2-p-diethylaminohenzyli(lenethioindo\\ 
(II) are good seiibitizens. The methods of synthesis are analogous ti 
those deseribed for the true eyanine dyes with the ditTerence that, instcMc 
of both the end component h being nitrogen-containing heterocyclic c(jm 
pounds, one is a compound with a COCHs group.'*’" \ inylene homo- 
logs can be prepared in which n = 0, 1, et<*. An exampV is (III), pic 
pared by the condensation of thioindoxyl w'lth the indicated mercapti 
compound in presence of pyridine or other basic condensing agent. Tin 
color of the.se dyes is associated with resonance between the liimiiii^j 
structiues (A) and (B), and they belong therefore to the class of dvc- 



dehned by Biooker as possessing the amide system.^ Numerous meio- 
cyanines have been prepared from varied types of compounds contaiuina 
a —C()CTl2'' group; open chain compounds, such as acetylacetonc ami 

Kendall, BP 4241,718, 428,222; 428,350-60; 432,628; 540,201-4, 557,:)1‘> r>0 
624,027,634,951-2. 

hrooVer ftal , USP, 2,078,233; 2,089,729; 2,153,160, 2,161,331; 2,165,219. 2,165, 3.^s 

2,170,803-7; 2,177,401 3; 2,185,182; 2,185,343; 2,186,624; 2,211,762, 2,332, 

BP 606,141; see also Rodd and Watts, PSP 2,032,502; Ogata, Byll. Inst Pfm 
Chew. Research Tokyo 18, 556 (1934). 

Sec also van Oormacl and Xys, Bull sor rhim. beiges 57, 355 (1*,)48). 
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ethyl malonate, ami cyclic compounds, such as l-phenyl-3-methyl-5- 
pyrazolone and barbituric aci<l, can be employed. The Ar.^lkylrho- 
daiimes are of special interest. Unlike the cyanine dyes svhich are 
(luaternary ammonium salts soluble in general only in water and other 
,,olar solvents the merocyanines aiv znitterioni,. compounds which 
ihssolve in both polar and nonpolar solvents.-* Acid mcrocyanine dyes 
carrying bO,H or COOII in the nucleus containing the CO group sensitize 
less strongly than the corresponding neutral dyes, and leave le.s.s stain in 
the processing of sensitized materials.- Combinations of certain acid 
inerocyanme dyes with selecteil cyanine dyes proiluce sensitization in 
some .spectral regions greater than that attained by the acid or basic 
dyes alone.** Ba.sie dyes (e.g. IV; of the mcrocyanine type lor u.se in 
dyeing were prepared by IC by condensing the appropriate lo-aldehvde 
nith a rhodanine.*-' The dyes had poor fastne.ss to light. 

Me, 

1 X Xc- CH=C1I— C S 

-0-C r-R 

N 
R 

1 nnuclear dyes dmiveil liom the meiocyamncs aie technically 
important photographic .sensitizers. It \^as shown independently by 
Kendall’" and Hrooker' that, like other compounds containing the 


OC— NEt 

^C=CH-Cn=C I 
NEt \ — CS 

tV) 


QC— NEt 

/C=^CH-CH=C II I- 

N S— eSMe 

Et , \ i) 



CX>=C“-CH.. 


QC — NEt 

/ I 


I / 

-C=CH~C. 

T N' 

I- Et 


a: 


OC NEt 

C=CH— CH=C^ I ( 
/ \ • / 

r S— 0=C. 


OC — NEt 
/ I 


S--CS 


'»n Ooriiiael has observed that the rhodi. no ring in the nioioiwanine dyes is 
et>ened by repeated crystallization from ethanol; ibul 68, 103 
J Hrooker and White, USP 2,493.747. 

< iirroll, Brooker, and Spence, USP 2,430,.558. 

"KsRPr,05,839. 

'd* 187,051 ; 489,336. See also BP 638,021-4 . (.38,047 
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group — NR— CS*—, the merocyanines react with alkyl salts to give alkyl- 
mercapto compounds such as (VI). Like the alkylmcrcapto compounds 
used for the cyanine syntheses cited eailier, (VI) condenses with 2-mclhyU 
benzothiazole ethiodide and similar intermediates to form a new type ot 
complex cyanine dye (e.g. VII). By condensing (VI) with an V-aim- 
rhodanine, dyes such as (VIII) can be prepared Dyes (VII) and (V'llL 
are deeper in color than the parent merocyanine (V) (see Fig. 3); hut Ihe 



Fig. 3. Absorption specfra m pjndine: A, forinuJa (V) H, /'VTII ), (\ (VII) i Hionk( r 

Spectra of the more complex dyes are not more complex, and the light 
absorption must be associated with the inovenumt of a catioiiK chingj 
along the length of the molecule as a whole rnbroken conjugation 
between the nitrogen atoms of the two outer nuclei in (VII) can In 
pictured by postulating an amide rcsonam^e in tlie middle ring \nioiig 



lUC 

I 

OG 


R 




(I\) 

R=Ltor 

ilM 
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Product Product 
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the sensitizing dyes used by iCl, there are three examples of cyanine dyos 
of this type in which the methine chain is interrupted by a thiazoiidouo 
ring system. These dyes are derived from iV-ethyl- or A^'-allylrhodanino 
(IX) in which the reactive methylene group is condensed with an w-alde- 
hyde group, and the thiocarbonyl group with the methyl group, in the 
usual type of heterocyclic intermediate for cyanine dyes. In Ma lOSS 
(sensitizing max. 5450 5500A) a thiazolidone ring intervenes in tlic‘ 
methine chain of a thiazolothiacarbocyanine. The preparation of Mn 
1088 (I(i) is outlined in Chart 4. Rr 2032 (sensitizing max. 0250 
()300A) is of the same type as Ma 1088, and the difference is in the sub- 
stituents in the benzothiazolc components. The preparation of Rr 2()32 
is outlined in Chart 5. In Rr 1953 (sensitizing maximum 7000-705()Aj, 
the synthesis of which is shown in Chart 0, an *V-allylthiazolidone group 
intervenes in a trimethine chain between a quinoline and a benzoxa/olc 
residue. 

Kendall has prepared a huge numlier of merocyanine deri\atives sucli 
as (X;, obtained by appropriate condensations involving .V-alkyhliu- 
danines.'*^ Cyanine dyes (e.g. XI), which are very intense and fast t(» 



Me 

I 

=CH-C=C- 


“S 


\ 


oc— 

Me 


c=c 


=CH 


.s- 


\ /p % + 

C N— CO 

H Me 


Me 

I 

C=C— CH= 




(X) 


diffusion, have been prepared by reacting dyes containing the thiu- 
hydantoin nucleus with alkyl halides, and condensing tii(‘ reaction 
products with nitrogen-containing heterocyclic compounds having a 



'^C=CH— CH=C NMe 

C,H. 


Et 


(XI) 


rcartive methyl or methylene group.'** Cyanine and morocyanino 
have been prepared from 3-ethylmprcapto-5,5-dimethyl-2-cycloho\'en-l- 
onc (XII); e.g. (XIII) obtained by condensing (XII) first with 2-mellivl' 

« USP 2,430,2»6; 2,438,782. 

••Riestcr, Wilmanns, Bitterfeld, an<l Gonoral Anilin<‘ and Film, U8I* 2,440,1 10 
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EtS— C' 


CO 


(XII) 


H.C^ CH, 
Me. 


ay 


oc- 


“NPh 


=CH- 


Me 


-A= 


H.C^ ^CH, 
C 

(XIII) Me. 


v 

Me 


bonzotliiiizole And methyl p-tolucncHulfoiiale in prc.senco of acetic 
anhydride, and then condensing the product with 1 -phony l-3-methyl-5- 
pyrazolone in pyridine solution. 


Azacyanixks 

Azacyanines are polymethine dyes in which one or more of the 
mclhine groups is replaced by a nitrogen atom. An example is (I), pre- 
pared by Hamer. The elTect of the central nitrogen in this compound 

(I) 

Me Me 

is to lighten the color relative to the corresponding cyanine with a 
niothino bridge. A method of preparation is to condense a cpiaternary 
salt of a nitrogen-containing heterocyclic (‘ompoiind j*arrying an alkyl- 
Ihiol group with ammonia or a suitable amine.'*'* Some azacyanines have 
proved useful a.s desensiti/ers, the function of which is to de^crease the 
MMisitivity of photographic films and plates so that a dark room is not 
necessary for developing them. The interesting relationship between 
the sensitizing and desensitizing action is shown bv the dyes (11) and 
(111). The styryl dye (II) is a sensitizer, and the anil \ ' U) a desensitizer. 



Kendall*** associates the desensitizing activity with the separation of the 
intermediate nitrogen atom from the terminal nitrogen atom by an even 
number of carbon atoms in (III). Azacyanines in which this separation 
is effected by an uneven number of carbon atoim» aic usually sensitizers. 
Krooker^ has explained tliis position by considering the a. a derivatives 

" Kendall, Doyle, and Ilford Ltd., HP i>0r>,783 o. 601,217. 

** Hamer, JCS 126, 1348 (1924); Fisher and Hamer, ibid. 907 (1937L 
Kendall, BP 447,038; 447,109; 461,068; 544,646. For the synthesis of azadimethine 
cyanines using 3-nit rosoindolcs or 3-aminoindoIos, see Mann et al., JCS 670 
(1944); 2903, 2911 (1949). 
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(IV) and (V) of a thiacarbocyanine; (IV) is a strong desensitizer, and 
further, it has practically no sensitizing properties. The central \ is 



separated from the terminal N atoms by two V atoms on each side, aixl 
the central X cannot share the quaternary charge with th<‘ teiminal \ 
atoms. In (V) on the other hand, the intermediate N is separated fiom 
the terminal N atoms by one and three C atoms, and the former can sliaio 
the cationic charge as indicated; (V) accordingly is less deep in color, hut 
the fragment between the intermediate N and each of tlie terminal \ 
atoms has the structure of a cyanine dye, so that (\') is a sen.^iti/(M* 
Brooker suggests that Safranine,"*'* showm by Luppo-C'ramer to he a 
desensitizer, owts this property to the fact that, of th(‘ four \ atoms 
present in the dye, the cationic charge can he shared only hy three. 1 1 iin 
is also true of Pinakryptol Green,’*" wdiich has been w idely used as a des(‘n- 
sitizer. Other examples in support of his hypothesis have also hmi cited 
by Brooker. The diazacarbocyanine (\T), preparcft hy (‘ondensing (he 
p-dimethylaminoanil of 2-aldehydo-V-ethylbenzothiazolium perchloiate 
with iV’-ethyl-2-benz6thiazolone hydrazone,'*- is a powerful desensiti/(u, 
but also a weak sensitizer for green,"^ because one of the X atoms in the 



chain makes the compound analogous to (IV) and the other to (\) 
Under certain conditions of pll and pAg, desensitizers form revcusihlc 
oxidation-reduction systems, w^hile the strongly sensitizing dyes heha\o 
irreversibly.®* Desensitization by sensitizing dyes has been studied 

•» See Chapter XXV. 

** Z. angew. Chem 40, 1225 (1027). 

••Fuchs and Grauaug, Ber. 61, 67 (1928). For the synthesis of other diazaraiho- 
cyanines see Fisher aend Hamer, JCS 907 (1987). 

»» Sheppard, Lambert and Walker, J. Phys. Chem. 60, 210 (1946). An exanipU' of 
simple substitution converting a sensitizer into a dosensitizor is 6,6'-dinitrothiH- 
carbocyanine; Kendall, BP 543,993. 
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recently by bpcnce and Carroll. The effectiveness of a given sensitizing 
(lye is the resultant of its spectral absorption, efficiency of transfer of 
adsorbed energy to the silver Imlide, and dchcnsilization of the emulsion. 
l)(‘sensitization, measured by the change in sensitivity at 4000A, is an 
important factor in sensitization, even with the best sensitizing dyes. 

Trinuclear aza(‘yanine dyes and azameroeyanine dyes have been 
(k'seribed.*'^" 

lUCTEUlOSTATIC \ND ( ’hEMOTIIEU V eUTTK’ A(’TIVITY OF CyANINE DyLS 

C'yanino, styryl, and similar dyes appear to have interesting proper- 
ties as bacteriostatic and chemotherajieutic agents.®^ Brooker has 
synlh(\sizod a long series of new cyanine dyes from thi.> point of view, and 
has found that many of the cyanine ty])es have pronoun(‘od antifilarial 
iiiul anthelminthic action.®® Some showt'd antimalarial activity, but not 
(Mpial to the well-known antimalaiials. 

( I -Amyl-2, o-dimet hyl-3-pyrrole; (i ,()-dimethyl-2-(iuinoline) dimeth- 
luecyanine (diloride (I) inhibits the oxidative metabolism of the filarial 
parasite in concentrations of (i X 10 ® .V or less.®® This cyanine also 
completely inhibits the growth of Laciobacillus casei at 2 X 10 ®.l/. In 


Me 




order to determine the nature of the bacterial inhibition, the effect of the 
cyanint's on various cell enzyme sj'stems was stud’ed, but there w'as no 
appreciable etTeet. The cyanine dye (II) is outstanding in its activity 
against microfilaria in the cotton rat. but it has little or no chemothera- 
peutic eflect against the chief form of human filaria (Filai'iasis Ban- 
Cyanine dyes such as (II) have been found to be ^^suitable 

il- Colloid Chem. 62, lOtlO (1048). 

Anihli and Clark, USP 2,178,525; Tli(»mpson and Gont-rai Aniline and Film, USP 
2,49r),8m); HP 63(>,403. 

krowniiiK, Edinburgh, Med, J. [N.S.] 44, 40* '1937). Sec also McKinstry, /. Am, 
Pharw, Asuor, 88, 146 (1949). 

Hrookor and Sweet, Science 106, 496 (1‘947). 

PoUts, Welch et aL, Science 106, 486 (1947): J Phannaiol. Expil. Therap. 96, 460 
(1949). 
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for treating roundworm infestations The Japanese are said to have 
made progress with dyes of the neocyanme type as cures for lepiosy,*'* 
but two of the neocyanines claimed by the Japanese have been syn- 
thesized by Brooker, and found to be inactive against lepiosy and 
tuberculosis •* 

Brooker el al , U8P 2,472,565 
Ilamer, Chemistry and Industry 600 (1947) 

•• Brooker, private communication 
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MISCELLANEOUS DYES 

1+ is convenient to collect together the miscellaneous dyes which do 
not readily fit into the chemical classification followed in the preceding 
chapters. 

DEKIV\TlVi.S OF Ij-t-N VPHTHOQriXONL 

Indanthrene Yellow (iGJ3 is a \ai dye derived from 1,4-naphtho- 
quinonc, and is prepared by condensing 2,3-dicldorr 1,1-naphthoquinone 


0 

II 



Indanthrene Vcllou 600 


(I) with the azine (II) in nitrobenzene solution in oresence of sodium 
acetate. The azine (11) is obtained by nitrosating uaphthasultam and 
heating the nitroso compound with e-phenylenediaminc in aqueous 
sodium carbonate solution until no more ammoni. is evolved. Indan- 
threne Yellow' OdD dyes greenish yellow’ shades with excellent fastness 
to light and the dye is notable for its lack of cellulose-tendering activity 
associated with many yellow vat dyes of the anthraquinone senes.* 
Another naphthoquinone derivative is (III), prepared by condensing 
3-halogeno-2-amino-l ,4-naphthoqiiinone with an aromatic dicarboxylic 
acid and converting into the fciVoxazole (HI) by heating or into imida- 
zoles by the action of primary amines; the yellow vat dyes are bright in 
shade and have very good fastness.- 

‘iU05 987. , 

According to Fox, J. Sor. Dyers Colourists 65, 522 (1949), Indanthrene Yellow 6GD, 
which has very good dyeing proper! ie-^, is mainly used in fabric printing, and it is 
an actively tendering dye (see Chapter XL) 

* IG, DRP Anm. J. 48,578. 
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An interesting vat dye derived from l,4-naphtho(iiiin()ne is (l\y. 
obtained by the action of acid on the bisulfite compound (V) of l-p-sullo- 
benzeneazo-2-phenylhydrazinonaphthalene * 

1,4-Naphthoquinone condenses with itself in pyridine solution to gi\c 
triphthaloylbimzene (VI) in 00% yield. The trichloro derivative gives 





a yelknvish green vat <lye on leduetion with /me dust in concent lated 
sulfuric acid * 

I)k1UV\TIVKS of \\PHT1I\U( id 

Brilliant Sulfoflavine FF (1(1; ST II, p 40) is an acid coloi foi wt)ol 
The yellow shades have v’cry poor fastness to light This interc»sting (h e 
is a naphthalimide piepared from acenaphthen<‘ as shown in Chart I 
Fierz- David® mentions Brilliant Sulfofluvine as a dye ol similar constitu- 
tion, in w'hich eyclohexylamine replaces p-toluidine Tsing o-arniiio- 
salicylic acid for the condensation w^ith (I), the product is Chrome Fa^i 
Yellow 8GL or 5 CtD (Kl), a chrome-developed dye for wool 

When (I) lb sulfonated to a disultonn* acid and condensed willi 
amines, the products are brilliant yellow' dyes fluorescing strongly in 
ultraviolet light.®® Compounds containing suitable o- or pm-dicarbowl 
groups may be dyed on animal fibers and converted into colored insoluble 


• Bucherer and llanusch, ./. prakt. Chent (ii) 182 , 274 (1031). 

* Fierz-David, Blangey, and Krannichfeldt, Helv, Chm, Acta 80 , 816 (1947). 

» BIOS 969. 

« Fierz-David, Kilnstlicho Organist'he Farbstoffe, Ergan/iingshand, Springer, Berlin, 
1935, p. 10; see also IG, DRP 531,291 
•“ Sealera, Forster, and Arncnean ('yanamid, USP 2,455,095. 
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caustic potash gives the diimide (III) of perylene-3,4,9,10-tetracarboxyljc 
acid; the Ar,i\r-dimethyl derivative, readily obtained by methylation oj 
(III), is Indanthrene Red GG (Caledon Red 2G) (Cardos and Liitiring- 
haus, 1914). Besides its being a perylene derivative made from a 
naphthalene intermediate, the dye is interesting because of its structural 
difFerenoe from the anthraquinone vat dyes. The behavior of this cyclic* 



imide as a vat dye, in comparison with other perylene (leriviitiv(\s Mich 
as the dibenzanthrones, merits investigation. The strawberry shiules 
(from a violet vat) have high fastness to light (G 7) and to chlorine (4), 
but only moderate fastne.ss to alkali boil (2 3). 

Aceanthrene (ireen (Kardos, 1913: Cl 1158), a vat dye prepan^l by 
the alkali fusion of the imide of anthracene-l,9-dicai4H)xylic acid, is oIjm)- 
lete; its constitution is not known with certainty and it has the intcrc^l- 
ing property of dyeing cotton a violet red shatle, which chang«*s to nn 
emerald green washing in the air,^' apparently by oxidation beyimd 
the stage of the parent dye. 

Heating perylene-3,4,9,10-tetracarboxylic acid with p-anisidinc, the 
product is Indanthrene Scarlet R,** w hich has bet ter fastness than Rcrl ( 1(t 



both to chlorine (5) and to alkali boil (3 4), but slightly lower light 
fastness (5-0). The p-chloroanilinc analog is Algol Scarlet B. 
yellow to red vat dyes have been obtained by condensing naphthalcnc- 


» Microfilm FI) 2537/46 Frame No. 982. 
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and perylcne-tctracarboxylic acids with wi-aminobcnzoic acid and using 
the resultant imides to acylate aminoanthraquinones.'® 

Indanthrene Scarlet GG (Eckert and Greune, 1924; and Brilliant 
Orange OR (1931) are important dyes,^^ which have the additional 
interest of being made from acenaphthenc whicli otherwise has a very 
limited use as a raw material for dyes. The condensation of acenaph- 
thenc with maloiionitrile'^ in chlorobenzene .solution in presence of 
aluminum chloride, adding the reactants at 20° and, when the vigorous 


CHART 2 

PBLPAUATION op IVDANTUltLNL SCAKLET (iO K\]y BhujjANT OraNC.E GR 



reaction has subsided, heating finally to 125-130°, gives the diketimide 
(IV) Oxidation of (I\’) by means of sodium chlorate and hydrochloric 
acid at 40-60° gives naphthalene tetracarboxylic acid (V).'^ Other 
methods of obtaining naphthalcne-l,4,5,8-tetracarboxylic acid are to 
condense acenaphthenc with carbamyl or alkylcarbamyl chloride to give 

Haddock and ICl, BP 416,425. 

FI A T 1318 II gives full details of the IG process 

Malononitnle is prepared by the interaction of cyallo^llct^tnude and phosphorus 
I>entachloride in chloiobenzeno. The U'nipcraturc is raised gradually from 
20-70® during several hours, chlorobcnzt » • being simultaneously distilled off 
under reduced pressure. To the residual malononitrile, hydroquinone is added 
to prevent polymerization, and the nitrile is purified by distillation at about 
4 mm. pressure. 

” IG, BP 359,201; 362,906; 363,041; 364,116. 

For further details see FIAT 1298. 
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acenaphthene-5,6-dicarboxylic diamides; the reaction can also be applu^l 
to fluorene, stilbene, chrysene, pyrene, and similar hydrocarbons ’ ► 
Indanthrene Scarlet GG is obtained by heating the tetraacid (V) (200 ki* ) 
and o-phenylenediamine (179) in glacial acetic acid (1350) at 120° m .ui 
autoclave for 6-7 hours, cooling to 90®, and filtering off the jirodud 
The reaction can take two courses, leading to cts- and ^mns-compouTuU 
(VI and VII), and Indanthrene Scarlet GG is a mixture of the two 
Indanthrene Brilliant Orange GR is the frans-compoiind (VII), sepjuute d 
in a yield of 59% from the mixture by treatment ivdth twice its u eight of 
potassium hydroxide in alcohol (10 parts) at 75® for one hour; a pot ish 
addition product of the irans-compouiul separates, which is hlteied ofl 
re-treated with alcoholic potash, filtered, wrashed with alcoholic potasli 
and hydroly/cd with water. Both the dyes have good all-round fa^tiuss 
(light 6-7; chlorine 5; alkali boil 3 4), and Indanthieno Biilhant Oiangi 
GR is the bnghtest of the oranges among the anthracpimone \al dv(- 
The residual dye (VI) in the alcoholic filtrate is recovered by distillini; 
off the solvent and acidifjdng, and is marketed as Indanthrene BoidtMuv 
RR, which dyes a brighter and redder bordeaux shade than Indantlucm 
Bordeaux B, with good light fastness (G), wash fastness (4) and e\( dk nt 
fastness to chlorine (5). Separation can also be effe( ted by m(•lrl^ (»l 
sulfuric acid Vat dyes of the heterocyidic imide and iinuKi/ok' i\p( 
can be produced in veiy finely divided state by sluuying with siiliuni 
acid to form the insoluble sulfate and then hydiolj/mg the sulfate ‘ 
Indanthrene Punting Blown B is an analog ol Indantlucm* S( uld 
GG in w'hich o-phenylcnedi amine is replaced bv its l-eth()\> d(*n\aiu( 
this constitution has been assigned by Howe^'* to Indantlu(‘ne Ib 1 
Brown 5RF which has also been stated to be a emba/oh* deinati\( 
Indanthrene Printing Brown 5R is similai in constitution to Iiidaiithu lu 
Scarlet GG, 4-chloro-o-phenylenediamine being used for the comh'iiMtion 
w'ith naphthalene tetracarboxylic acid 

Two variations of the o-phenylenediamine method loi the piepaidlmn 
of these imidazole dyes ha\e been dcvciibed Naphtlialene-I 
tetracarboxylic acid is condenscMl with an o-aininoazo compound 
products are then treated with a reducing agent, so that fission ol 

“* IG, BP 450,070 

'•Their abfjorption spectra have been stmliecl b} (iratsc he, Prom Onf hhiin 6, 
(1039) 

See also IG, BP 403,862, 134,815 

Cullman, Lytlo, and American ( Vananiid, U8P 2, 173,015. 

‘•The Development of the Chemistry of Commercial Synthetic Dyes, Instil nb <»f 
Chemistry, London, 1938. 

BIOS 1498 . 
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a/o group and cyclizaiion to the imidazole both take place. Alter- 
natively! the acid is condensed with o-diamines \\hieh are substituted in 
one or both amino groups; the normal imidazole dyes are formed, the sub- 
.lilucnt (alkyl, acyl or urea groups; being split off during the reaction.^* 
1'‘he range of imidazole vat dyes from p^n-tetracarboxylie acids has 
hecMi (‘xtended, following the preparation of anthraeene-l, 4,9,10- or 



l,r).9,J0-tetra<*arboxylir a(*id. This product, which may be a mixture ot 
the two isomerides, yields dark blue vat dyes on condensation with 
o-iliamin( * The imidazoles Iroin perylene-3,b9,10-letracarboxyhc 
acid dianhydride and o-phenylenediamine dye in navy blue shades 
(been vat dyes are produced by (he alcoholic potash fusion of the quinox- 
alines obtained by condonsiiig aceanthrenequmone with o- and a/i-dia- 
niines The starting products (VIII) contain no keto gioups, but it is 

0 


li 



possible^^ that these dyes are imidazole analogs (e.g l.\) of Aceanthrene 
Clrcen. 

Dyes have been prepared which are derived liom naphthalene- or 

■'Ki, nP 417,280. 

* W Appl. 23,231/30. 

'' bi, HP 410,385. 

1(1, FP 852,254. 

'Ul, BP 401,807. 

ttodd, Annual Hepis. Soc. Chem. Inti London 20 , 153 (1935). 



1194 


MISCELLANEOUS DYES 


Other dicarboxylic acidb and which contain only one imidazole nng, m 
contrast with the Indanthrene Scarlet GG type which contains two hudi 
systems. Examples are (X) and (XI); (X) is an orange vat dye, wlule 
(XI) dyes green from a red-violet vat.^® Two forms, cut- and /raa.s-, ajo 
possible as for Indanthrene Scarlet GG, but the stereochemistry of iIk 
products, which ^^ill be particularly interesting in relation to then coloi, 
does not appear to ha\e been investigated Acenaphilienc-mono- aad 
dicarboxyalkylanilides can be oxidized to naphthalenc-l,8-dicarb()x;yd- 
mono- and -4,5-dicarboxyalkylanilides,‘'*^ which can bo condonbe<l will] 
o-diamines.*® The imides and imidazoles of 9, l()-benzoylellcpe^ylell(•- 
3,4-dicarboxyllc anhydride (XII) are violet vat dyvs of excellent ia^t- 
ness,^® and the naphthabtyril types (XIII) yield giay shades 



The condensation of 2,C-dichloronaphthalene-l,t,5,8-tetracaibo\\lit 
acid with excess of aniline, so as to replace the halogen atoms by anilino 
groups, gives a deep blue dye.^^ 

»• IG, BP 308,651; 399,724. 

Wyler, Kershaw and ICI, BP 440,733. 

*• Wyler, Kershaw and ICI, BP 442, .*>29. 

•• IG, DRP Anna. J. 61,486. 
w IG, DRP Anm. J. 50,613. 

Vollmaun and General^ Aniline Works, USP 2,087,133. 
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Oxidation Colors 

Aniline Black has been considered in Chapter XXV since it is a 
j)hcnazine derivative. While it is the only important oxidation color 
so far as textile dyeing and printing are concerned, the method of oxidiz- 
ing amines, phenols, and aminophenols on the fiber is largely used for fur 
dyeing,’^ and the coloring matters formed are of undetermined constitu- 
tion. The amines chiefly used are p-phenylenediamine, o-aminophenol 
and p-amiiiophenol ; the first is especially important for blacks. These 
intermediates for fur dyeing are sold under various names such as 
Trsols and Paramines (1C), Durafurs (ICI), Furreins (Cb), and Fur 
Dyes (Calco). I^recautions arc nec'essary in handling them in view of 
the danger of dermatiti.s. 

7 >-Ph(*nylenediamine is widely used as a hair dye in .spite of its liability 
to produce dermatitis of the scalp in some* persons. Applied in conjunc- 
tion with hydrogen peroxide' or urea pc'roxidt', llie reaction on the hair is 
the formation of (‘omplex azines, giving dull brown, gray and black 
.shades.'** ^Vightcr shades are (obtained by using rc'sorcinol or catechol 
together with p-phenylenediamine; and tlie reaction then appears to 
proceed through an indophenol, heading ultimately to an oxazone (I).^^ 



l,2-l)iaminonaphthaleiie-r)-.sulfonic av^id, oxidized \ ith ferric chloride 
and chlorine, gives an iron-containing pigment market d as Hansa Green 
CS (IG).3‘‘‘ 

Ueddish blue shades, fast to light and ironing, are obtained by padding 
fur with an alkaline solution of l-hydroxy-4-methoxy naphthalene and 
oxidizing cold under weakly alkaline conditions for several hours. The 
f'onstitution (Ilj lias been suggested for the dyestuflf formed.®® Wool 
can be dyed brow n with the col orle.ss 2,4, 5-trihydrox\ toluene; in presence 
of ftTrous iron an almost black iron complex is formed 

Parkin, J, Sor. Dyers Colounsts Juhtlee Vol. 1934, p. 203; Beelov, J • Soc, Dyers 
Colourists 49, 218 (1933;. See also Oinzr'^ Melliand Texhlber. 99, 384 (1948). 

Cox, Analyst 69, 3 (1934). 

** Analyst 66, 393 (1940). 

l^ibliography oj ScientifU' and Indnt^tnal Reports^ I .S. Dept, of Commerce 7 (1947). 
*“ to, BP 407,066. 

Burton and Stoves, J, i>oc. Dyers (^oloiithsts 66, 174 (1950). 
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Purpurogallin, produced by the oxidation of pyrogallol, orystalliz«N 
in orange-red needles (m.p. 272-273,5° on rapid lieating); the substaiw t* 
changes in color to an intense blue on shaking with air in alkaline solution 
The coloring matters of many galls coutaii\ purpurogallin glycosides 
Willstatter's structure (III)®** for purpurogallin has recently been shown 
to be untenable by Barltrop and Nicholson,®'^ who have adduced evidonc(» 



in favor of (IV) whi<’li contains a seveii-membered Iropolone iing 
Oxidation of 0-tctramethylpurpurogallin gives 3,4,5-trimetho\yplithnlic 
anhydride. The structure (IV) has been confirmed by synthesis 

Canarin is a yellow coloring matter of unknown constitution ol)tajnc(l 
by heating potassium thiocyanate, chlorate and hydrochloric acid; it can 
be produced directly on the fiber, e.g., by printing a mixture of ammonium 
thiocyanate and an alkali chlorate. 


Pyridine .\nd (Quinoline Derivatives 

p-Alkyl- and p-aralkyl-aminophenylpyridines have bvoii suggt^sled 
intermediates for dyes.^® Thus by heating dimethylaniline witli a 



mixture of pyndine and benzoyl chloride in presence of copper bron/c 
dimethylaminophenylpyridine (1) is formed, probably by the indicated 
mechanism.^* When (I) is converted into the pyridinium salt with benzyl 

Niercnstojn and Swanton, Bwrhem. J, 38, 373 (1944; 

*• Willstattor and lleisa, Ann. 433, 17 (1923). 

^^JCS IK) (1948T; sec also Haworth, Moore, and Pauson, ihd. 104.), (V>t>k nul 
Somerville, Nature 163, 410 (1949). 

Caunt ei a/., JCB 1631 (1960). 

••^Torinus, Melhand TexHlber. 31, 847 (1950); Schmid, liuU. hoc. ind. Mulhoust 87, 
67 (1921); sealed note 1896. 

« IG, BP 446,781. 

Koenigs and llupix'lt, Ann. 609, 142 (1934'. 
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chloride and then sulfonated, a dye Avliirh gives greenish yellow shades 
on wool and silk is obtained. 

Dyes derived from quinoline^ are useful mainly as photographic 
sensitizers/® but a few are valuable for wool and silk dyeing and for 
coloring oils, lacquers and varnishes. Quiiialdine (2-metliylquinoline) 
and its derivatives, which arc intermediates for this small group of dyes, 
are synthesized by the Skraup reaction in which crotonaldehydc is con- 
densed with aniline in presence of nitrobenzene, concentrated sulfuric 
acid and an oxidation catalyst such as vanadium pentoxide; or the 
Doebiier-Miller reaction in w'hich acetaldehyde and aniline are condensed 
in presence of hydrochloric acid or zinc chloride. By using a derivative 
of aniline (e.g. p-toluidinc) the corresponding (piinaldine derivative 
[V g ()-methylquinaldine) is obtained. Quiiialdine has a reactive methyl 
group, and Quinoline Yellow (ACIFA; Cl 800) (Jacobsen, 1882) (golden 
velhnv needles, m.p. 2 10°) is prepared by heating quinaldine with phthalic 
anhydride at about 220° for a few hours in presence of zinc chloride. 
J'he greenish yellow, spirit-soluble pigment i*^ used, notwithstanding its 
low tinctorl«d power and light fastne.ss. 

The constitution of (Quinoline Yellow (Quinophthalone) was first 
icgarded as a choice between 2-quinolylindandionc (II) and the phthalide 



derivative (III). Eibner's work^^ indicated that (111) is formed in the 
reaction, but changes to (II). The color and other properties of Quino- 
line Yellow, however, are better explained by regarding it as a resonance 
•hybrid of structures such as (IN' A) and (IVB).**® Support for structure 

^‘UowiU, Dyestuffs derived from Pyrnline, Quinoline, Acridine md Xanlhene, 
Dingnians, TiOndon, 1922. 

2 Chapter XXXVIII. 

** 1 or examples of azo dyes derived from ipiimdine, see CMiapter XXI 
bihner and ITofmnnn, 7Ier. 87, 301 1 (1901). and eailier papers, 
t f. Mehta, Dissertation, Univ. of Ikinn , 1937 
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(lA’^) is found in the deep red color of the benzylidcne-iiidandioiie 
With sodium ethoxide Quinoline Yellow forms a red sodio-derivative, and 



the deepening of color arises from the resonance ol the anion ainonj; 
structures such as (VIA) and (VIB). The sodio-denvaiive is n^adih 
hydrolyzed by Avater. Treatment of the soduMlenviitive with diincdlnl 
sulfate in xylene at 100® gives a methyl denvatne (\dl), whndi ha^ the 
properties of an iV-methyl, rather than a T-methyl eomixuind; oxidation 
yields xV-methyl-'i-quinolonc (ATIl) and phthahe and (iuinolinr 
Yellow forms a deep red salt with concentrated suliiiiic a(id oi ludio- 
bromic acid, this deepening of color being associated with resonaiKc ut 
the cation among oxoniiim, carbonium, and ammonium slnicturcs 

The mono-, di- and trisulfonic acids, obtained fty sulfonating (Jiimo- 
line Yellow’ or the homolog from 0-inethylquinaldine with oleinn id 
65-115®, are acid colors (Quinoline Yellow extra and (2iiinohne Yellow S 
extra)^® ((T 801), which dye w’ool and silk in attractive, ])uie yellow 
shades wdth poor fastness to light. The sullonated (Quinoline Yellow's 
are also used for the production of lakes Quinoline Y(*llow’ KT (H\ ) 
(Meyer, 1907; Cl 802), prepared in a similar maniK'r from (i-ehloio- 
quinaldine, has better fastness to light, (iuinohne Yellow AW (Supia 
Light Yellow GCJL) (IG) (ST Erg. II, p 262) is prepared^® by cond(*n^n»l? 
3-hydroxyquinaldine-4-carboxylic acid with phthalic anhydride, follow 




SO,Xa 


HC, 


\, 


Quinoline Yellow AW 


::o 


Bottke, Dissertation, Univ. of Bonn., 1931. 
Kuhn and Bar, Ann. 616, 143 (1035). 

" BIOS 961 . 
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by sulfonation; tlccarboxylatioii takes place during the first reaction. 
Such 3-hydroxyquinaldino dorivativo.s have better light fastness than the 
corresponding qiiinaldinc* dyes.^^* 1 he naphthalene* analog of Quino- 
line Yellow, made from /^-naphthoquinaldine, gives (iuinoline Yellow 
KT extra cone. (KJj*** on sulfonation with i)y/( oleum at 35°. 0- and 

8-Phcnylquinaldincs can b(* prepared by condensing crotonaldchyde 
with 4- and 2-aminodiph(*nyls; by cmulensation with phthalic anhydride 
they yield quinophthalones and yellow dyes after sulfonation.’^' 

The sulfur Irioxide addition compounds of (luinoplithalones, when 
healeil under reduced pressure at 170 190°, give tlie monosiilfonic acids, 
which have a higher tinctorial value than the mixtures of mono- and 
(li-sulfonic acids obtajn<‘d by the usual sulfoiiatimi process. The prod- 
ucts dye wool V(*ry h'vel y<*llow' shade*- from an acid bath. 

Tsiiig 5- or 3-hydro\ytriinelhtic anhvdnde in place of phthalic 
anhydride for condensing with (luinaldine, the ])rodu»*t (e.g. IX) contains 
a chromable salicylic acid group, and after sultonai-on gives an acid dye 
which can be aflerchr(»m(Ml to a fast yellow shade. Insteail of (luinoline 
and its d''nvatives, Mich compounds as 2-m(‘lhvlbenzothiazole, -benz- 
imidazole and -benzoxazole can be used.'^^ 

I)\ls FKOM IM-Dl \in LCMtUOLl.S 

liogers has found that th<» action of ammonium formate on 7 -nitro-/i- 
plienylbutyrophenone gives an inlc'nse bhu* pigment, wdiich he has shown 
to be 2,2', I,r-tetraphenylazadipyrroni(*thine hike the phthalo- 

cyanincs, it forms iiK'tallic complexes. TTydriodic acid degrades (1) to 



2, l-diphenylp> iTole (11), and the action oi nitioiis acid on (II) gives 
5-nitroso-2,4-diphenylpyrrole which reacts with a iurther molecule of 
(11) to reg(*nerate (1). The nitroso com])ound can be catalylically 
reduced to r)-amino-2, 1-diphenylpyrroIe. Denvatixes of (IT) can be 
sulfonated. The 2, l-dlphenylpyrroles iorm met tunes by the usual 
methods of conilensatiou wdth ethyl ortholormaie. or by condensation 

"Ui, BP 429,17(>. 

‘ Kvndos and Monsanto, TSP 2,21 1, <102 
hi, BP 445,201. 

Itl, BP 471,489. 

‘ Bogera, JCS 590, 599, 598 ( 1943 ). 
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of the 6-aldehyde with a second mole of 2,4-diphciiylpyiTole. The 
general type is (III), of which examples have been describcKl, and those 



also form metallic complexes. The blue compouml obtained by C5abri(*l^'’ 
by the action of benzaldehyde ainl air on 3-amino-2,4-diphenylpvrr()le 
belongs to this group, and probably has the slructun' (IVj. 

A series o« dyes of the pigment, basic, and acid wool classes, derives! 
from 2,4-diarylpyrroles, have been described in patents.*’® The basic 
reaction consists in treating 2,4-diarylpyrroles, which may have alk>l, 
aryl, or acylamido groups at 3, either with reagents such as (4hyl ortho- 
formate or benzotrichloride, capable of liiiking two molecules by a ('ll 
link, or ^\ith a 2,4-diarylpyrrole having a Ct) group at 6; tin* produets 
are tetraaryldipyrromethines. Thus 2,4-diphenylpyrrolodisulfonic acid 
may be condensed with 6-formyl-2,4-diphenylpyrrole to giv(' a n^ldisli 
blue wool dye. J>yes of this t 3 ’pe, or the corresponding aza com[)ounds, 
form copper and other metal complexes, vhich can be made in substance 
or on the fiber. The quaternarv ammonium salts of tlu* tetraaryldi])}!- 
roazamethines may also be used as wool d>es and (‘on verted into the rnctal 
.salts on the fiber. The 6-nitroso-2,4-diarylpyiTol(\s ma\' be condensed 
with compounds having a reactive methyl or methyKnie group, such as 
l-p-sulfophenyl-3-methyl-5-p3Tazolone, giving a bright brown-violet acid 
wool dye (V); l,3,3-t!'iniethyl-2-methyl(‘nedihydroindole giv(\s a baM‘, 



the salts of which dye tanned cotton blue. Many examples of this ty])e 
are (pioted. Similarly, the 6-formyl-2,4-diarylpyrroles mav be tivatc'd 
with reactive methyl- or methylene-containing .substances such as 
iV-methyloxindoh', quinaldine methiodide, or 1 ,2,3,3-t(^trameth3ddihydro- 
indole; the salts of the resultant products dy(j in varied colors, chietl\ 
bluish reds on tanned (jotton. 2,4-I)iarylpyrrole.s with the r)-])Osition 
free, condensed with nitroso compounds such as l-nitroso-l-aryl-")- 

«Ber. 41, 1138 (1008). 

Rogers and ICI, BP .502. 7.54- 6 1; UHP 2,410,004; (loodings, Rogers and ICI, l'»^l* 
2.422,607-8; 2,434,031), 2,437,405. 
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pyrazolones, 3-nitrosoindoles, or p-niirosodialkylaminobenzene, or with 
aldehydes derived from heterocyclic compounds containing nitrogen 
I c.g. l,3,3-trimcthyl-2-formylmethylenedihydroindole), give orange to 
red dyes for wool. The reactant can also be a p-dialkylaminodiphenyl 
ketone (such as 4,4'-bis-dimethylaminol)cnzophenone) or aromatic 
aldehy<les (e.g. benzaldehyde, p-dimethylaminobcnzaldehyde); the salts 
of the products are wool blues. Azo dyes have also been prepared.®^ 
I)i- and tetrasubstituted 2-pyrrolcazamethine dyes, which arc stable 
hliu* dy<‘s iisc'ful in color pliot ography, can be prepared by the interaction 
of the appropriate' propionitrile with hydroxylarnine hyrlrochloride; thus 
(1) is obtained from «-phenyl-/3-benzoylpropionitrile.®^“ 

CoLoK Fokmkhs IX Photography®’^ ®** 

('olored photographs have been produced by several methorls. 
Psing for th(‘ primary de\ (‘lo|)nient pioer'ss the reduction of exposed 
mIvc'I* halide grains to metallic sil\er, one methoil <*onsists in incorporating 
in the emulsion layer a “coupler'’ or “color former*’ wdiich condenses 
with the oxidation products of the developing agent to form a dyc.*^ 
1{ Fischer (1912) suggested the use of a nionopack in tvhich three color- 
sensitive layers an* coated on top of each otlier: (1) bottom layer, sonsi- 
li\e to red, containing a eyan-piodueing coupler; (2) middle layer, sensi- 
tive to gre<‘n, containing a magenta-producing coupler: and (3) top layer, 
sensitive to blue, containing a yellow -producing coupler.®* The sensi- 
tivity of the throf* layers to the three regions of tlu' spectrum is produced 
hy incorporating suitable sensitizing <lyev in the emulsion. There w’ere 
various technical difficulties such as tin* diffusion of the sensitizing dyes 
fioin layer to layer, but these were ultimately overcome. Xoii-wander- 
ing sensitizing dyes were discovered, and A(iFA evolved high molecular 
couplers which were practically incapable of diffusing through gelatin.®® 

Sco Chnpter XI 

Knott and Kastman Kodak, t SP 2,40t>,s:t0. 

•* Soo Moes, The Theoiy of Hip Pliotogniphir Propps^, Mapinillan, New York, P.>42, 
pspepially Chapter XXIII on Speetral S^msitivity hy Hrooker and Carroll; 
Chapter XXIV on The Sensitizing and Hesensitizing Dyes hy Brooker; an<I 
Chaiiter XXV on The Meehunisni of Optical Sensitizing. 

'James and Higgins, Fundamentals of Photogiaphic Theory, Wilej’, Xew York, 
U)48. 

Smith and James, Photography in Thorpe’s Dictionary of Applied Chemi^t^y. 4th 
ed., Vol. IX, Longmans, Tjondoii. p. 577. 

Idseher and Siegrist, Phot. Korr. 61, 18 (1914;. 

For a discussion of the problem of the difTiision of color couplers, see Schneider, 
Frohlieli and Schulze, Du Chemie 67, 113 (1944), see .also Frohlieh, Schneider, 
Wilinanns, and (Jencral Aniline ami Film, KSP 2.343,051; Woodward and 
«lu Pont. rSP 2,415,381 2; du Pont, BP 578.(iG0. 
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Kodacolor films utilize the same principle, but the couplers are dissolved 
in organic solvents and then dispersed in the emulsions. In the Koda- 
chrome multilayer process of color photography the emulsion layers do 
not contain the color formers; both the color developers and couplers are 
present in the developing solutions. The chief d(‘veloping agent is 
p-aminodiethylaniline (I) or p-aminodimethylaniline, and the coupler 
is a phenol, naphtliol or a compound (*ontainiiig a reactive methylene 
group. The mechanism of the reactions which result in the formation 
of an indophcnol (indoaniline)®-^ or azamcthiiu' type of dye is by no means 
clear, but the intermediate stage.s ot the (iiiinone-diimine ion (II) and the 
leuco base (HI) arc apparently invohed.^’' S('mi(juinone iems are prob- 
ably further intermediate stage.s. The o\crall ecpiation i.s (I) + - CMIo 
+ 4Ag^ (IV) + 4Ag + 411^ Thu.s etli>l acc'toacetatc and (I) gi\e 



a yellow dye probably constituted as (V); p-introbenzyl cyanich' the 
magenta-colored azamethine (VI); and a-naphthol the greenish blue* 



indophcnol (VII). Esters of l-hydroxy-2-naphthoic acid, as color 
formers with p-aminodiethylaniline, have been recently examined.®' la 
view of their increasing use as cyan dye images in color photography the 
preparation and absorption characteristics of a series of indoaniline dyi*^ 
from p-aminodimethylaniline and various phenols have been investi- 
gated by Vittum et aZ.®® Phenols bearing para-halogen, —COO lb 
— SO3II, -OR, --CHOTI— R, or - RCR'- groups react more or less readily 

•» Fischer, USP 1,102,028. 

Pianka and Barany, 300 (1948). 

68, 2235 (io46), 69, 152 (1017); 71, 2287 (1040), 72, 1047 (1050), l^SP 
2,476,008. See also Zioglor et al., Monatsh. 80, 750 (1040). The relation 
between color and oonstitiition in a senes of pyrazolone azamethine <lyes has been 
studied by Brown et al., JACS 73, 010 (1051 ). 
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to yield ^-indoanilinc dyes by elimination of the para-substituent. 
When p-hydroxybenzyl alcohol is used as couplcT, formaldehyde is 
formed durinji; development and it exerts a tanninji; elTect on the gelatin 
of the emulsion. The ease with which the elimination coupling occurred 
appeared to be influenced by the presence of other substituents in the 
pluuiol ring. Xo evidence of a-indoaniliiie dye formation was observed 
with any of the phenols studied. In the replacement of a p-alko.xy group 
and the inability to form o-indoanilines. this reaction differs from dia- 
zonium coupling.^'^ 

Xumcrous eomi)otinds have hvvii suggested as color-forming cou- 
pling components/*® and among these may be mentioned .V-2-furoyl 
l-amino-7-naphthol/®" o-eyanaeetamido-l-naphlhol/'^ 3,o-diketopyra- 
zolidines (VUIj, prej)ared by the condensation of hydrazob(‘nzenes with 
diethyl malonate in ])resence of sodium ethoxide/*'^ 2,r)-diket()pyrazolo- 
|2,3]pyrimidine/^'* th(» condcMisation product of ^-mdhylbenzothiazole 



(X) HO 


inelhiodid(’ ^^ith ac(*toacctic ester l-naphthol-2-sulfonyl derivatives 
such as tlXj;®'' methylenebisthiobarbituric acid/* and urethanes tX) 
derived from J-aci<l in \\hich the azametliino coupling takes place in the 
t)-position, being an alkyl group of at least twelve carbon atoms as a 
n\sult of which (X) is nondiffusing in the emulsion.^® The use of phenol- 
forrnahhdiyde (‘ondcMisates"^ as resinous couplers has been proposed. 
Phthalic anhydride reacts with acetic anhydride to form phthalidene- 

l or a r(‘vjc*u, .see Tull, Phot. ./. 86, 13 (lOU)'. 

(Jcnrral Aiulinc and Film, HP 
Salinim*n and Weissberger, FSP 2,7)07, ISO. 

'• Kontlall and Fry, USP 2,427,010-1; seo also 2.304,007 0; and HP 577,200; 570,800. 

Havley and (lenoral Aniline and Film, USP 2,181,100. 

•Mu Pont, BP 577,387. 

” Mueller, Havloy and Clencral Aniline and P'iiin, CP 440,834-5. 

" Tulagin and General Aniline and Film, USP 2,415,252; HP 040.100. See also HP 
040,122; TG, HP 405,823; 479,838; 483,000; 480,003. 

" IG, HP 480,161. 

’ It;, HP 489,274; 535,341 ; 543,200; 502,075. See also du Pont, HP 635,204. 
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acetic acid; anilides of this acid give yellow dyes on coupling with 
oxidized p-uminodiethyUiniline, and polymeric color formers, which an* 
fast to diffusion in colloid layers of photographic elements, are produced 
by reaction w ilh polymers containing hydroxyl groups.’-" An interesting 
suggestion is tlie use of protein color formers; thus saligenin, formaldehyde 
and zein are condensed together and cast into a transpan'iit tilm which 
is a blue-green color former.’* When the polyamide prepan*d from bis^ 
aminopropyl ether and adipic acid is dissolved in tormic acid, treated 
with saligenin and precipitated by acetone, the product contains une 
o-hydroxybenzyl group per six amide groups, and forms a blue-green dyr* 
upon color coupling development of silver salts with p-aminodiethyl- 
aiiiline.’^ The replacement of gelatin by S 3 uithetic resins capable ot 
functioning as color formers is an important develoi)rnent. 

l-Aryt-2-arylsulfonylhydrazines (Ar Xll- Xll S ()2 Ar') (XI) can 
be prepared b^' condensing an arylhydraziiu* with an arylsulfony! 
chloride, or an aryldiazonium chlorid<* Avith an arvKuHinic acid in presence* 
of potassium carbonate and reducing the iliazoniuni sultinate to (XI) by 
means of zinc and acetic acid. When a photographic him is exposed, 
developed and processed in a solution containing (XI) and a Xaphtol AS 
type of coupling component, an azoic dye image* is })rodu<*cd. 'Thus 
w’hen the diazonium salt for (XI) is from Fast Hliu* Rase HB and the* 
X^aphtol used is Xaphtol AS SW, a blue azoic* dye image* is form(‘d.'’ 

Some of the color formers used by the \i\ m the preparation of the 
New Agfa color films have* been disclosed r(*cently.’'* The process of 
building up the color film Avas to spread tlu* follc^wing la\(*rs successi\(*h 
on the film base: (l)'an anti-halation layer of Ilelio Fast (b(*en IKJ 


OH 


SO,H 


CXII) 

Component F 546 


evib.— O Clb 

Etooc N CO 

/ \ '' ' 

PhO<f ^NHNIb 

HO3S 

Z 11)0 OPIi 



L(*ekley and dii Pont, L'rtP 2,472,()r>(». 

Jennings and du Pont, I'SP 2,397,867; sec* also JiP 4St,()98; Kirbv and du Poal. 
BP 556,768. 

McQneen and dn Pont, bSP 2,128,108: hcn* also dn Pont, CSP 2,396,275; 2,396,- 
864-7; 2,463,838; 2,473,403. 

Schmidt, Sprung and General Anilino and Film, USP 2,421, 256. See also 
2,495,000. 

BIOS 1167. The theoretical and practical aspects of th(> Agfa color mouopat K 
subtractive process of color photography have been described in FIAT 976 and 
977; see also FIAT 721. 
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(llansa Green GS); { 2 ) a layer containing the bluish green component 
(XII) sensitive to the red rays; (3) a magenta layer of the component 
fXlII) sensitive to the green rays; (4) a yellow filter layer, stated to 
contain colloidal silver; and (5) the top layer of the component (XIV) 


nHjjCONll O OCH.CONH o 
(XIV) 

( 'oiii|wiiriit I •'i35 


COOH 


coon 



iiooc 


/ V-N- 


HOOC 


^ 1 

liOOC C,.H„ 

iXVl) 

Component Ko (iSfi 



HOOc/ VmiCOCHjCo/ \oMe 

A Me ^ 

C, n,. XMI) 

( oiiiponent "la.Vil 


^^llIch is 3 tl!o\\ and sensitixe to blue rays. The content of coupler. 
^^hich had to lx* of \(*ry liigh purity, \Nas M g 'kg. emulsion. Other cyan 
compoiuuits ANhich ha\(‘ been mentioned are (XV) and (XVI); anti other 
>('ll(m components (X\'II) and (Will) 'rh(‘re ^^as no diffusion of the 



couplers l)et^^een the launs, anti the int<*r|)osiiion of a gelatine layer 
b(»t\V(»en a pair of color lay(*rs was unnece.ssary. The blue-green and 
magenta layers also contained stniMlizers ol the (‘vanine type. 

'Fhe coupler may be colored, e g. a coin])oun(l containing an azo- 
substituted reactive methylene or ethanol group;'^ the azo group is 
e\pt»lled during the coupling n^action. The colored couplers are such 
that they absorb the colors w hit'll the dyes formt'd from them absorb 
outside the range of absorption for which they are intended; thus a cyan 
tlye would be ideal if it absorbed red light only, but it usually absorbs 
'^ome green and blue light, and the colored (‘oiipler is so ehosen that it 

’’Jolley, Viltani uml Kastman Kodak, KSP 2,434,272, see also U8P 2,428,054; 
2,440,960; 2,453,661; 2,455,169; Viltum (t nl, J ACS 72, 1533 (1950); Merck, 
Sciencr ei imh, phot, 21, 45 (1950). 
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absorbs the same amount of green and blue light.’^ ‘^Automatic mask- 
ing is thus obtained in a negative-positive process. 

The formation of azamethinc and indopheiiol dyes has also been 
utilized in making toned prints.®* Thus a blue tone is produced by 
using 2,6-diiodo-4-aminophenol and a-naphthol, owing to the formation 
of the indophenol (XIX). The yellow azamethines obtained by oxidizing 
a mixture of p-aminodiethylaniline and a rw-acylacetamidobenzaldehyde 
acetal can be applied to textile fibers as vat dyes.^*® The* bright Idue 
to green indophcnols obtained by oxidizing a mixture of p-ainino(li(»th\l- 
aniline and a m-(o'-hydroxy)bcnzamidobenzaldehyde acetal or a 
hydroxy)phenylsulfonamidobenzaldehyde acetal are also applicable as 
vat dyes.’*® Azamethine dyes for paper, cellulose acetate, et(‘ , an' 
obtained by condensing imino-, thio-, or iminothio-idithahmuline with an 
aromatic hydrazine or primary amine (e g. dchydrothiotoluidine).’*^*' 


Stikuxe 1)p:rivaiives 

Styrene derivatives prepared by the condensation of substituted 
benzaldehydes wdth cyanoacetic esters have been suggest I'd as cellulose 
acetate dyes. An example is Celliton Yellow (id which, cm[)lo\('d 



CH=C~('X 

I 

COOCJU 


Kt N 




Celliton Yollovs OCi 


IM ’( (lianxc 


CH=C 

^COOLt ^ tllitoij ^iIIdw .i( 1 

usual in the form of an aqueous dispersion, dyes acetate rayon a gre(‘ni^h 
yellow with good light fastm*ss (5 Celliton Yellow r has excellent 

light fastnesvs, but low' tinctorial strength.’ ‘ The eondensation product 
of p-dimethylaminobcnzaldehyde wdth 2-hydro\yethyl cyanoacetaic 
dyes acetate rayon in greenish yellow' shades with good fastness to light 
Among the IG dyes for PeCe liber, Grange i) 2719 was the condensatioi^ 
product of 2-chl()ro-4-diethyhiminobenzaldehyde with malononitrile. 
^•Hanson and Viltiim, PSA Journal 13, 94 (1947), Hanvou, J, Optical So(. Am. 40, 
166 (1950). 

7a® McQueen and du Pont, USP 2,472,913. 

Martin and du Pont, USP 2,472,911. See also USP 2,465,067. 

Jones and ICI, BP 615,697. 

^^FIAT 1813 III. 

Ciba, BP 680,127; USP 2,374,880; General Aniline and Film, USP 2,385,747 
BIOS Misc. Report 20. 
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F1.UOKESCENT AND Li’MINKSCENT DyES 

Among the dyes which luminosco on activation by ultraviolet light, 
used by the Germans during the ^\ar, a pyrimidanthroue derivative, 
Liiniogen L lled-Orange, has been mentioned in Chapter XXXII. 
Other ‘‘Lumogen colors” (IG) belong to different chemical classes.’®* ** 
Lumogen L Blue was the colorless 2,5-dihydroxyterephthiilic ester (I); 
and Lumogen Water Blue the colorless dixanthylene (II), prepared by 


COOEt 

HO O OH 
LtOOC 

(I) 



II 
/ ^ 
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a I) 


EtOOC-C 
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COOEt 
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1 uilklliol 


ihe action ol zinc <lusl on \anthone. Lumogen L Yellow was 9,10-di- 
aiiilinoanthracenc, piepared by heating anlhraquinone, aniline, alumi- 
num chloride and zinc dust, and then acidifying with hyilro(‘hloric acid. 
Lumogen 'S ellow’ Orange and Brilliant Yellow' were the aldazines from 
s:i]icylal(l(*liyde and 2-naphlhoI-l -aldehyde respectively. Lumogen Bril- 
liant Green was (111), prepared by condensing terephthalaldehyde w'ith 
ethyl cyanoacetate. Phthalylhydrazides arc of interest for their chemi- 
luminescence. An example is Luminol, prepared hy treatment of 
ILiiilrophthalic acid with hydrazine, followed by reduction with ammo- 
mum sulfide; it has a striking bluish luminescence in dilute alkaline 
solution eontaining an oxidizing agent Aminophthalmiides (e.g. 
Il-hept>lamino-A"-octadecylphthalimide) can be used as fluorescent dyes 
lor artificial and natural fibers.*’® 

l,3-l')iaryl-4,7-dihydroisobenzofurans (IV) are fluorescent colors for 
niineral oils; they are prepared by condensing butadiene and its deriva- 
tives with .s-diaroylethylenes, and dehydrating the J[,o-diaroylcyclo- 
hexenes thus formed.*^ 

’ c/ox xxvn 84. 

'^('urtius aad Semper, Bvr. 46, 1170 (1013); Huntress, Stanley, and Parker, JACS 

66, 241 (1931). 

“ Vmcnean Cyananiid, USP 2,136,362. 

^daina and du Pont, TSP 2,325,727. 
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Spinning (Colors 

Pigments of the azoic, Turkey Red lake, indigo, anthraquinonoid vat 
and phthalocyanine class were manufactured by IG in special physical 
form suitable for the mass pigmentation of viscose (incorporation in 
viscose prior to spinning). The dispersing agent mainly employed was 
Tamol NNO. 


Lacquer Colors 

Some examples of the Zapon Fast colors (IG), which are pigments foi 
lacquers, have been mentioned in earlier chapters. The Zapons listed 
in Table I are salts of v ater-soluble azo and anthraquinone dyes ^\ith 
(a) cyclohexylamine, (b) dicyclohexylamine, or (c) di-o-tolylgiianidine 

T\BLE I 

1*ASJ C^>LOHs 


Zapon Fast 


(\instttution 


(a) CC1(« 
Red V2U 

Blue CGU 
Blue C^R 
Violet CB 
CRR 

(b) YpWow R431 
Sea riot C’Ci 
Scarlet ('U 

Scarlet CRB 

Red CB 
Brow II 

(c) Scarlet PAJ 


1 Light \illow (i 
Antliosine 3B 

acid alk 

e-Nittoaniline -♦ Il-Vnfl m-Toluidme 

1- PIpplJdlno-l-ln<lro\^anthlaclUl^olle-2-sulh)^llc lu id 
Vnthraqumoup \ lolct (Sulfonnted I o-diamhiioafithiaiiuinoru 
Brillidiit Benzo Fast \iolet Bli 

2- \itro4njliiiP-l-snlfonic acid 
Biilliarit Ciocein 

Ponceau 5R ( Amiiioa/ohcn/(*rie * 2-\ap}itli()l-3,(»,S-l? isiillonu 
acidr 

Hcliopuipurin 7BL (Aniinoa/obeii/enc-disultonic acid » 2-N.iph- 
thol-3,0,8-ti isulfonic acid) 

A/o Cerise MIA (Anunoa/otoluene ♦ \cid (IR) 

Sinus Supra Blown 3R 
Brilliant (Vocoin li 


Zapon Fast Grey HL is a mixture (4. 1) of Zapon Fast Blue IIL (See 
Chapter XXXVIl) and Zapon Fast Yidlow CG(t The Zapons listed 

TABLIO II 
Zapox F\st Coloks 


Zapon Fast 


Composition 


Red 3B 
Fire Red B 
Red Pltmi 
Violet UR 


Rhodarnme B extra -|- Palatine Fast Oratige R\ 
Rliodanime 4(1 D extra -h Palatine Fast lellow CRN 
Uliodamine B extra -f Palatine Fast Orange RN 
Rhodainine B extra f 2 moles Palatine Fast Violet 3RN 
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in Table II are pigments prepared by eoprecipitalion of the pairs of arid 
and basic dyes mentioned in the second column.**^ 

Pigmented Leather Finished 

The Corial and Enkanol colors (IC) are leather dyes, and a few are 
also applicable to paper.^® The Corial colors are pigmentc»d nitrocellulose 
base emulsions. Thus (k)rial Orange L consists of Permanent Red (1 
dispersed in a lacquer made up from nitrocellulose*, camphor, dibutyl 
phthalate, butanol, methyl and butyl acedate, methanol, yvlene and 
polyvinyl ethyl ether. The Eukanrds arc dispersions of pigmcMits (e.g., 
Indaiithrene Blue (iCSL, Permanent Yellow NCC, Lithol Fast Scarlet 
TKN) in sodium caseinate, with the addition of o-hydri»xydiphf n> 1, 
Xckal A and sodium sulfanilatc. Prior to the application of the Corial 
and Eukanol colors, which are also finishes, rough leatln'r is dye<l with 
water-soluble acid colors. 

''' Sre also (loiRV. SP 230,(1*10; 234/137-43; 23(>,*13*) 10. 
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THE ACTION OF LIGHT ON DYES AND DYED FIBERS 

Among the properties desired in a dye, fastness to light is of great 
importance, and the standardization of teehnicpic for the assessment of 
fastness to light has received increasing attcmtioii. ‘ As a result of I he 
discovery of new tj-^pes of synthetic dyes, such as the anthra(iuinonoid 
vat colors, phthalocyanines, and copper complexes of di?*('ct cotton dyes, 
and the accumulation of data on structural variations in a given type* ot 
dye which improve the light fastness, many dyes with v(*ry high stahili(\ 
to light are now' available. However, there is little knowledgi' of th(' 
mechanism of the changes which take place whem dyed rnaicMials are 
exposed to light, the j)roducts of photochemical degradation, ami tlie 
photosensitivity of dyes in relation to molecular structure.*' ‘ 

Factors affecting the fastness of dyed fibers. The fastness of a dye 
to light or other agencies does not refer to the stability of the pure (l>e 
in the solid state or in solution, but to the fastn(\ss of a <lyed or (olon'd 
material such as a textile fabric. The substrate or medium to which the 
dye has been applied 1ms therefore to be specifi(*il when a fastness grad(» 
is assigned to a dye. A further complication in the (luanlilative assess- 
ment of fading is that the change involves all the three characteristics 
of eolor — purity (or chrgma), brightno.ss (or valu(» iu the Munsell system), 
and less frequently, the hue (or dominant wave length).® The action of 
light on a dyed fiber depends on the nature of the dye and of th(' fibci, 
the other eonstituents of the dyed fiber, the composition of the atmos- 
phere, and the source of light.® CVlhilo.se, w^ool and other fibers an* 

* See (Vapter VI for an accoimt of fastness tests and standards. 

For reviews of the photoehemistry of d>es, see (2) Kills, Wells, and ll^wiotli, The 
Chemieal Action of tllraviolct Rays, Reinhold, New York, 1941, (H) Ro<ld and 
Abbott, Photosensitivity of DyesliifTs tn Thorpe’s Dictionary of A[)])licd Cheinis- 
try, 4th ed., Vol IX, D)ngnians, Ix>iidoti, 1949, (4) Terenin, Photoehenustry of 
Dyes and Related Organic Comiwunds, Akadeiniya Xniik S.vS.S R., Mohcow and 
Leningrad, 1947; (4a) Symposium on Pliotochemistrv in relation to texlih**'. 
J. Soc. Dyers Colourists 66, 585 (1949). 

* Seibert, Am. Dyestuif Replr. 34 , 272 (1945). 

* For a summary of the literature up to 1924 on the action of light on d\ch .applied 

to cotton fabrics, sec Ciinliffc, ./. Textile hist. 16 , T173 (1924), for a study of 
various factors in fading," see Cunhffe, J. Sor. Dytrs (\>louriHts 46 , 108, 297 (1930), 
47 , 73, 225 (1931); 48 , 59 (1932). See also VickerstafT and Tough, Lead, Rnrge.ss, 
Nordliammer, and Oral6n in Ref. 4a. 
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themselves acted upon by light. The changes in the dye and the fiber 
may be independent of each other; the character of the fiber and the 
fiber-dye combination may infiuence fading; the dye may accelerate the 
photochemical decomposition of the fiber; or the dye may act as a pro- 
tective agent. During exposure to light iiiuler normal conditions, the 
dyed liber is also subject to the action of moisture, oxygen and other 
constituents of the atmosphere (e.g. nitrogen oxides, sulfur dioxide, 
hydrogen sulfide). 

For testing purpos(‘s a carbon arc lamp (e.g. the Fadeometer)^ may 
be used, but the fading of dy(»d materials by light action results from 
exposure to direc't or ditTuse sunlight, ^Yhich varies in intensity according 
to the latitude and (‘levatijin of the place at which the (exposure is made, 
the season of the year and the time of day. In general, fading can be 
related to the acdinic value of the light as registered on photographic 
M*nsitiz(*d film or paper.^ Some dyes are fast to sunlight, but fade on 
expcjsun* to the ultravioh't light of a (luartz mercury lamp: such dyes 
jii)sorl) strongly in the region 2000 3200A. while dyes which are fast to 
both kinds of light are transparent throughout the ultraviolet (2400- 
3fi00A.j.*‘ 1 atlirig by tlie action of daylight is mainly due to radiant 

eiK'rgy in the visible spc'ctrum.’’" High temi)erature.s accelerate fading 
and fiber degradation. For accelerated ageing tests for light action, 
exposure in a Fadeometc'r at ± 3° and relative humidity of 45 ± 159c 
lias b(»en recommended. Fifty hours exposure in a Fadeometer under 
these conditions is ecpial to 300 hours normal Fadeometer exposure or 
six months daylight exposure behind glass.® 

TTigh humidity usually accelerates fading, but the quantitative elTect 
varies widely and dejiends both on the fiber and the dye.® The rate of 
fading of certain azo and acid triphenylmethane dves on wool, and of 
basic dyes (Magenta, Brilliant (Ireen and Safranine) on tannin-mor- 
danted cotton, increases linearly with the moisture content of the fiber.'® 

It is ^v(41 known that th(' fastness of a dye may be ^'ery different 
according as the dyer! fib(‘r is cotton, ^^ool, silk or nylon. Wool is less 
s(‘nsitivc than other fibers to humidity and to atmospheric action in 
g(*n<‘ral, and is therefore employed for dyeing standard patterns, by 
<*omparison with which the light fastness of a dyeing is graded on the 
I 8 scale.'- ® Many vat dyes with excellent fastness on cotton fade badly 
on nylon, and acetate rayon dyes also exhibit inferior light fastness on 

’ Uiirkcr and Hirst, J. Soc. Ihjtrs Colourtsts 48, 324 (1927). 

“ Sisloy. Hivfit. and Bardot, lirr. gin. mat. rotor. 23, 85 (UU9). 

Taylor and Pracojus. Ilium. Kng. 46, 149 (1950). 
bylo H al.^ Am. DyrMuff lirptr. 37, 251, 2S2 (1948). 

HodgOH, J. Soc. Dyern Colouriats 44, 52, 341 (1928). 
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nylon. * ^ Several indigoid and thioindigoid dyes have better light fastness 
on wool than they have on cotton. Some basic dyes on cellulose acetate 
have better light fastness than they have on tannin-mordanted cotton. 
Direct cotton dyes as a class have been stated to have better light fastness 
on viscose The acidity or alkalinity of the fiber after dyeing and 
finishing may inlliience the liglit fastness.''* The fastness of a dye varies 
with the strength of the shade; the heavier shades are usually faster.** 
It is therefore becoming customary to state the fastness of a dye on a given 
fiber in three strengths of shade (e.g. 0.25, 1 and 2.5%). If a dyeing is 
made with a mixture of dyes, one dye may influence the action of light 
on another. The fastness of a mordant dye dei)ends on the mordant and 
mordanting method, because different metal-dye compl(‘\es are formed, 
which may differ in their stability to light, and also because the metal 
maj" have a positive or negative catalytic effect on the photoclumiical 
degradation of the dye.*** Titanium oxide used for delustering \iscose 
can accelerate the fading of dyes.*® 

Mec’Hwism of F\di\« 

The absorption of one quantum of light of X 1000 V (the blue end of 
the visible spectrum) represents an increase in the energy of the molecule 
of about 71 kcal; and when this is compared with bond energies (eg 
O-C 58.0; C N 48.0; C-O 70.0; C 100; C O 1 12 152; N N 80 kcal 
per mole),'^ it is clear that light energy (especially thi* energy of ultra- 
violet radiation) is adecpiate for the rupture of bonds in organic molecules, 
assuming that all the absorbed light energy is available for this purpose 
The prol)lem therefore is not why dyes fade, hut why many tlyes ha\c 
such remarkable stability to light. 

By the absorption of light a molecule rises from its ground state ot 
lowest energy to an excited state of higher energy in which one ol the 
electrons is at a higher level. The life of an excited molecule, which can 
be estimated by various methods, is exceedingly small: about 10 ^ to 
10”® sec. for a permitted transition. The activated molecule expcMids 

** Abbot, J, Soc. Duers Cohunat^ 60, 55 (1944). 

** Whittaker, Sor, Dyers Colourists 61 , 313 (1935). 

Seibert and Sylvester, Am. Dyestuff lieptr. 33 , 311 (1941). 

Cf. Sommer, Z. angew. Chern. 44 , Gl (1931); Piute, Chxmie A Industrie 34 , 923 (1935). 

Bancroft and Ackerman, Proc. Natl. Acad. Sa. U.S. 18 , 147 (1930). 

Sandoz, J. Soc. Dyirs Colourists 60 , 13 (1934). 

Pauling, Tlie Nature of the Chemical Bond, Cornell Univ. P^css, Ithaca, New York, 
1940. See also Skinnbr, Trans, Faraday Soc, 41 , 045 (1945); Syrkin, J. Phy^, 
Chem. U.S,S.R. 17 , 347 (1943). 
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the energy of excitation in one of several ways.^** It may emit radiation 
in the form of fluorescence or phosphorescence; or lose* its energy as heat 
by collision with other molecules (collision of the second kind); or dis- 
sociate or take part in chemical reaction. The primary photochemical 
change may be followed by secondary thermal reactions, A\hich again 
may take place as successive or chain reactions or branch out into several 
side reactions, so that th<' proc(‘ss as a whole becomc*s extremely complex, 
and interpretation correspondingly diflicult. 

The first law of photochemistry ((Irotthush. 1817) states that it is 
only absorbed light which is photochemically active. Photo(*hemical 
activity with visible light is therefore associated with colored substances. 
While photochemical reactions can be induced only by the absorption of 
light, all the absorbed energy is not necessarily effective in the chemical 
process. According to the Einstein law' of photochemical equivalence 
each molecule taking part in a photochemical reaction absorbs one 
quantum of radiant energy. The quantum yield or efficiency 4 > (number 
of molecules changcd/nurnbc'r of quanta absorbed) should be unity if 
the Einstein law' is obeyed; it varies, however, from a minute fraction 
(as for dyes) to millions (as for some chain reactions). The law applies 
only to the primary light-absorbing process; the low' quantum yields 
arise from such causes as deactivation of the excited molecules by collision 
or recombination of photodissociation products. W'ith the large, poly- 
atomic dye molecules, internal or intramole<*ular deaedivation mainly 
accounts for the low’ (plan turn efficiency of the fading process. 

Considering the many different chemical types to which the synthetic 
dy(\s belong, it is clear that no single or simple mechanism can explain the 
fading of dyes as a class. Ev('n with simple organic molecules, photo- 
chemical reactions of varied character arc encountered, and the fading 
of dyes might involve three photoclieinical reactions -oxidation, reduc- 
tion and decomp(jsition (photolysis). In addition, photosensitization 
has to be considered (see later). 

The fading of dyes by the action of light and air i.s usually an oxidation 

’• For general accounts of Photoclicinistry, see Ploliukow, .Mlgcmcinc Photochcniie, 
2nd ed., Oruyter and C’o., Berlin and Leipzig, 1036; Bollef^on and Burton, Photo- 
chemistry, Prcntice-lhill, New York, 1030; Bowen, The (^hcinical A^'peets of 
Light, Oxford Univ. IVess, Ixindon, 1042, and Photoehcinistry in Thorpe’s 
Dictionary of .\pplicd CMuMuistry, 4th cd,, \ol. I.\, I/ongmans, ixindon, 1940; 
Noyes, Jr. and Boekelheidc, Photochemical Kcactions ni Technitpie of Organic 
Cheinistrj', Vol. II, Iiiirrscicnce, New York, 10 4S. For a recent review of light 
absorption and photochiunistry, including phot opolymenzat ion and the effects 
of light on dyes, see Bowen, Quart. Revs. 4 , 217 (lOoOL See also Livingston, 
Irreversible and Reversible Photobleaohmg of Dves, in Ref. 4a. 
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process. For many dyes the rate of fading is highest in oxygen, lower 
in nitric oxide and carbon dioxide, and practicall}’^ zero in nitrogen or 
hydrogen, although changes due to reduction sometimes occur in hydro- 
gen.^® In oxygen and the oxide gases, carbon dioxide can be detected 
after exposure to sunlight, and the amount of carbon dioxide produceil 
is much more with cotton as the substrate than with porous clay. Exam- 
ining some azo dyes on wool atid substantive and basic dyes on cotton, 
Bolis observed that fading was much more rapid in air than in evacuated 
glass tubes.-® On the other hand, aqueous solutions of acid and basic 
triphenylmethane dyc‘S fade as badly in nitrogen as in air. *^ Tlic possi- 
bility of cellulose under the influence of light reaching with a dyi' is 
indicated by the observation-- that irradiation of cellulose by ultraviolet 
light in a nitrogen atmosphere causes considerable degradation; tlic 
cellulose is left in “an unstable state*’ which facilitates further degrada- 
tion on exposure to air. 

The formation of peroxide's on exposure to light has b('en noticed \Mth 
several types of dyes (azoic, basic, sulfur, anthraquinonoid) ; but tlu'ie 
is no definite relationship betwf'cn fading and tlie tendency to form 
peroxides.-® Gebhard^* regarded perhydrovyl ions (llOa ), formed b> a 
primary reaction between oxygen and water, as responsible* lor ihe fading 
of dyes. In dry air he assumed the formation of dyestuff peroxide's of 
relatively high stability by a combination of dissociated oxygen ^^ith the 
dye molecules. When moisture was present, highly reactive peroxide 
hydrates of the type HO— Ar— OOll were formed, ^v^lich reacted with 
unchanged molecules of the dye or with the fiber, or decomposed with the 
production of acids or phenols. The peroxide hydrates of dyes whicli are 
fast to light may pass into the more stable peroxide by elimination of 
water. 

CUllet and Oiot^® have examined the oxidation mechanism of fading 
by observing the efTect of antioxidants, such as catechol, hydnxiuinone, 
gallic acid, tannins and thiourea, on azo dyes, acid and basic Iriphenyl- 
methane dyes and Kliodamines, dyed on wool and cotton. I’rolection 
of some dyes was observed, but only if large amounts of antioxidants weie 
used, and no general conclusions could be drawn. Thiourea and a 
mixture of glucose and sodium metaphosphate were found by Haller and 

*» ScharvMn and Piikscliwer, Z, angew. Chew. 40 , 1008 (1027). 

Rer, g^n. mat. color, 12, 280 (1008). 

Ackerman, J. Physical Chem. 36, 780 (J932). 

** Stillings and Van Nostrand, JACS 66, 753 (1014). See also Kgerton in Hef. 4 .m. 
‘•Haller and Ziersch, Z, angew, Chem, 43 , 200 (1030); MeUiand Tfztilher, 10 , ‘*51 

(1920). 

J. Sor, Dyers Colourists 34 , 74 (1918); and earlier papers. 

« Compt rend, 176 , 1402, 1568, 1804 (1923); Rev, g6n, mat cxflar. 27 , 98 (1023). 
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Ziersch to protect a number of dyea of different types on cotton.** 
Thiourea and its derivatives, dimetliylolurea and other amidcvs have been 
the subject of patents, especially for protectiiiK dyed acetate rayon from 
light and gas fading;*® however, c*\cept for coppc'iing of certain direct 
cotton <lyea, no treatment has proved to l)e of piactical value for a sub- 
stantial increase in the light fastnc'ss of fugitive dyes. On the other 
hand, the danger of accelerated fading owing to the presence of various 
substances (e.g., urea-formaldehyde resins aiul cation-active (‘ompounds 
used for improving the wash-fastness of dir(‘ct dyes) in dyed fibers is of 
practical importance. Haller aiul Ziersch noticed that fading is acceler- 
ated not merely by oxidizing agents (e.g.. nitrite and dichrornate), but 
also by a vari(*ty of organic substances siwh as glycerol, Turkey lied oil, 
starch and gums. Chloruzol Sky Blue FF (Diamine Sky Blue FF) fades 
much more rapidly whcTi absorbed on titanium dioxide; the (piantum 
(‘fficiency of the photoch<‘niical process rises rapidly as the threshold of 
absorption of titanium dioxide is reached.'^" 

FLrc)uix’j:\fa: 

Xo direct relation between fluorescence and fading of dyes has been 
(Established, l)ut lh(‘y an* nElated phenomena. Many dyes which have 
poor fastness to light are fluorescent in solution or on the fiber. Fluores- 
cence, fading and dye-sensitized photoehemical reactions are processes by 
whi(*h aV)sorbcd light energy is dissipated. 

When energy absorbed by a sub.stane(‘ is emitted wdiolly or partly as 
light, the phenomenon of lnmin(‘scence is obs(U*\ ed.**^’ 'llie glow* of 
phosphorus in the dark is due to ehemieal a(*tion (combination with 
oxygen) and is an (‘xample of chemiluminesctmce. Lumiiieseence in the 
form of fluorescence occurs when absorbed light energy is reeiuitteil as 
light, usually of longer Avave length, while the source of excitation is still 
on. Thus a yellow solution of the disodium salt of FluonEsc'eiu exhibits 
in blue light a brilliant green fluorescence. Since the excited molecules 
do not usually return to Hie low^est vibrational level of the ground state, 
but to higluEr vibrational h*vels, the energy of emivssion is smaller than 
the en(*rgy of excitation, and the wave length of the fluorescence radiation 
is therefore greater than the wa\(» length of the* absorbed or e.xciting 
radiation, .lust as tlu' vibrational structure of an absorption speetrum 

So(' Cliaptcr XXVII. 

'•^(loodove and Kitchener, Trans. Faraday So^. 34 , 570, 002 (19.38). 

Pringsheim and \'ogcl, Lniiiinescence of Liquids and Solids. Interscience, -New York, 
1940; Pringaheini. Fluore-sccnce and Plios])horesrence, Interscience. New York, 
1949. 

^•llow'en, Fluoreacenrc and Fluorcacence-Quenehing. Quart. Rpis. 1, 1 (1017h 
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corresponds to the vibrational levels of the excited state, the vibrational 
structure of a fluorescence spectrum indicates the vibrational levels of 
the ground state. There is an approximate mirror image relation between 
the fluorescence spectra of many compounds (e.g. pf)lycyclic aromatic 
hydrocarbons) and the bands of longest wav«' length of their ultraviolet 
absorption spectra.®® 

In phosphorescence, light emission persists, sometinies for several 
hours, after the excitation process has come to an end; some of the excited 
molecules do not return to the level corresponding to the fluoresc<‘nce 
radiation, but pass into a state of intermediate energy vhich is rnetastahle 
and has considerably longer life than the normal excitcul state. 

The intensity of fluorescence of a substance in solution incri'ases with 
the concentration up to a certain maximum, and llum falls off at higher 
concentration because of an increase in the frcxpiency ot ctillision between 
excited and unexcited molecules and consecpuMit (hxictivation ; fluores- 
cence quenching at high concentrations also results fiom dimerization or 
polymerization. The three proce.sses of fliu)resc*en(*e, deactivation as 
thermal energy and photochemical reaction can take iilaee simultane- 
ously, Thus Eosine in solution fluorese(\s strongly on irradiation, and 
is at the same time oxidized to a eoloiiess substance by photoeheinical 
action; the quantum efficiency of the photo(‘hemi(*al change is hnv, and a 
large part of the energy of excitation is lost as thermal deactivation 
The reason why fluorescent dyes are usually more photosensitive and 
fade more rapidly than nonfluoreseent dyes is that tliij aeti\e lit(» period 
of the molecules of the former is longer and tlu' chances of collision with 
the oxygen of the air trhcreforc greater. 

Many dyes, which are fluorescent in aejueous solution, exlnbit phos- 
phorescence in rigid or glass-like solvents such as glycerol at very low 
temperature; while the average* life of an (*\ci(ed elect romc stale is 
usually about lO"’* sec the emission ot light iii the metastable state 
persists for several seconds after the exciting ladiation has b<'c*n cut off 
Lewis has identified this long-liv'cd upper electronic* state* of complex 
molecules with a triplet or diradical state, in which two electrons ha\c 
uncoupled spins, so that transition to the normal singlet state is ^Mot- 
biddeii.”®' Kasha has established by the direct measurement o) 
paramagnetism that the phosphorescent slate of acid fluores(*(*in is a 
triplet state, lie has draw'ii attention to the great photochemical impoi- 

Berenblum and Schocntal, JCS 1017 ( 1946 ); Hchoontal and Scott, JCS 1083 ( 1949 ); 

See also Ijc»wachm, Z. Physik, 72, 368 (1931). 

« Lewis et al, JA CS 63, 3005 ( 1 941 ) ; spq, 

•*See also Kasha, Chem, 41 , 40 (1047); Toreniii, Aria Phynicorheru. U.R.S S. 

18, 210 (1943). 
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tance of the identification of mctastablc electronic states us triplet states; 
the absence of prolonged luminescence in fluid media does not always 
mean that there is no exeitatioii to the metastable state, and this state 
may be merely deactivated.®^ The metastahility of excited molecules 
can also arise from other causes. Tereniii has suggested that the metasta- 
blc biradical state plays an important part in photochemical reactions. 
A trace of oxygen quenches the delayed fluorescence because of reaction 
with the biradical. An active form of oxygen is thus produced. The 
labile oxide may be transformed into a peroxide, with or without the inter- 
vention of water, and the dye may then undergo oxidative degradation. 

While there is considerable knowledge of color-constitution relation- 
ships, the fluorescence of organic compounds has been correlated with 
their chemical constitution only to a very limited extent. Light absorp- 
tion is necessary for photolumitu‘scence, and the wave lengths of absorp- 
tion and emission are related (Stokes law); but the light ab.sorption 
characteristics of a molecule do not indicate its fluoresc*encc» properties. 
Aromatic hydrocarbons in g(*neral are fluorescent. Numerous hetero- 
cyclic compounds, such us coumarin, xanthene, carbazole, acridine, and 
tluMi* derivatives, (*xhibi1 fluorescence in solution. The introduction of 
hahjgen or nitro groups diminishes fluorescence, and an amino group 
increases it. A molecule may fluoresce in the neutral condition or only 
as a cation or an anion, and Huore.'^cenee indicators can therefore be used 
in \olumetric analysis. Fluorescence is also greatly influenced by 
external (‘onditions. Solid rubrene is nearly nonfluorescent, but in 
hexane solution it has a brilliant fluorescence with a quantum yield of 
about 100 Many dy('s (e.g., of the diphenylmethane, triphenyl- 
methane and azo series), which exhibit little or no fluorescence in solution 
in water, alcohol, and other li(iuid solvents, are strongly fluorescent 
when dy(‘d on cotton, wool or silk. The fluorescence of the same dye 
may difler in color on ditTenmt fibers; the fluorescence of Thioflavine is 
blue on cellulose ac(*tate, yellow on viscose and green on wsilk.’® 

Tlie use of colorless l)lue-lluor('s<*ing substanc(‘s (e.g., Blankophors, 
I(i) in place of blue' pigments and dyes, such as ritramarine and Alizarin 
Sky Hlue, for ‘Mduing’’ bleached cotton and linen fabrics has been men- 
tioned in Cliapti'r XX. 

Photothopy 

Marckwald (IStttl) deliip d phototropy’*^ a> a ehange in eolor occurring 
in a solid on expo.sure to light, the change being slowiy reversed in the 

Bowen and ("oat os, JCS, lOfi (1947). 

’’ For a review of ])hototropisin in solution ami on dvod textiles, see Stearns, J. Optical 
Soc. Am. 32, 2S2 (1042). See also Hef. 2. 
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(lark. Phototropy has since been observed in a variety of organic 
compounds (e.g. azo dyes, anils, semicarbazones, thiosemicarbazones;,^^» 
but the reasons for the occurrence of the plienonieiion have not been 
satisfactorily exi)lained. It would appear that a single ineehanisni i.s 
inapplicable to all the instances of phototropy. 

The phototropy of certain yellow and (grange azo dyes on cellulose 
acetate and the view of Meclu'l and StaulTer that phototropy is due to 
tranis~cift isomerism have been mentioned in Chapter XXI. In agree- 
ment with Mechel and StaulTer, Knight-^ has observed that aminoazo- 
benzene derivatives prepared by coupling diazotized o- or /i-Jiitroaniline 
with aniliTie or an iV-alkj'laniline arti nonpholotrcjpic, and he has sug- 
gested that this property may be associated with the stabilization of 
quinoncnd resonance structures; analogous dyes from ?n-nitroaniline 
were found to be phototropie. When the stable tran.9 form of azobenzene 
is exposed to light, tin* major part is converted into the c/s* form, wiru*h 
has been isolaU'd and characterized (se(i ("hapter XI). This has no1 
been possible with amino- and hydrox 3 ’’azo compounds Ix'cause of tlu' 
tendency of the cU to revert to the Irons form. llowev(‘r, lh(‘ sti'reo- 
chemistry of azo d^'es has not been extensivel,y invc'stigalcxl, and llu' 
evidence relating the phototropy of azo dyes on acetate rayon with 
trajis-cis isomerism is not conclusive. 

Examples arc cited to illustrate the dilTenmces in tht^ nature of th(‘ 
phenomena which have been descrilx'd under the common nam(» of 
phototropy.®^ Examining twenty-eight atiils of 5-bromosalicylald(*hydp, 
Brewster and Millam found that twenty-two were lherinotroi)ic and 
only three were plioti^tropie.'®" Senior and ShepluTd observed photo- 
tropic change i!i a large number of anils, hydrazoiies and fulgides and 
ascrib('d it to change in aggregation.*^'' C'halkone scinicarhazonc's 
exhibit ‘‘photochemical isomcri.sm’^; and chalkoncs undergo polymeriza- 
tion by irradiation; the changes arc complex and only parti}" rcv(‘rsiblc.*” 

Kxaniplos of phototropie inorganic compouiuis nn* dithiotriiuemirie sjilts r21fKS, 
IlgXj), wliieh are dihsoeiated hy light, forming hlark IlgS and HgXo; la the dark 
the svrttem lose.s radiant energy and the original compound is reformed; Umo 
(t ol , Xatiire 124, 303 rit)20); j. Phifs. Chvm, 32, 135t (1928). 

J, Soc. Dye ns Colovrists 66, 175 (1950). 

For iniseellancous oxarnplo.s of phototropy see (a) JACS 56, 703 (1933): {b) JPS 96, 
441, 1943 (1009); (c) Stobbo H al.^ J. -prakL Chrm. 123, 1 (1!)29) and otlier papers 
(d) Ileilbron, Hudson, and Iliiish, JCS 123, 2273 (1923); (e) Bull. sor. chnn. 1, 
97 (1934); 63, H41 (1033); 1{(v. Stunt AdamachP^ 32, 255 (194(p; (/) 

SCI. untv. JaHsy I, 29, 17 (1943); (g) Roimer, JACS 68, 1108 (1930), and earlier 
papers; (h) Trans. Faraday Soc. 27, 478 (1931); JACS 43, 333 (1921); (i) bif- 
schitz, Ber. 62, 1919 0919); (j) Singh and Dutt, J. Indian Chem. Soc. 19, 130 
(1942); (k) J. Indian Chem. Soc. 16, 573 (1938); (/) (.’hild and Smiles, JCS 2690 
(1926). 
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Cinnamaldehyde semicoi-bazone exhibits “reversed phot ot ropy”; after 
exposure to diffuse sunlight for some hours, if the substaiu'e is placed in 
the dark a yellow color develops, wliich again disappears on re-exposure 
to light.^®** (dieorghiu*^® found that semiearbazones of ketones of the 
type ArCII (Ml(X)Il obtained by the alkali condensation of im'tliAd 
ketones with aromatic ald(‘hyd(*s are phototro|>ic, but not those of the 
ketones ArCdl CRC'OC’lTa oluained by acid (‘ondcMisation. lie has 
suggested that phototrojjy is due to a displacenu'ut of 7r-eloctrons and 
changes dist\irbing the conjugation in a molecule teiid to diminish or 
eliminate the ph(»nom(*non; substituents in the benzent* ring capable* of 
resonance favor phot ot ropy; the state of the colored molecuh* i> an 
intermediate stat(* nvsulting from the superposition of several limiting 
structures. According to Matei ketones which form nonphototropic 
semiearbazones do not form phenylhydrazones. but ])yrazoliiie deriva- 
tives, and th(‘ phototropic semiearbazones and hydrazon(‘s therefore 
have the Iraiis form witli r<*fer(*nce to the (' X bond.^^^ Colorless 
henzylidenebromopyruvic acid (PhClI- CBrCOCOOH) in benzene 
becomes yellow in diffuse light, and on exposure to sunlight in thin layers 
the color latle\s; the yellow intermediate compound is i)robably a goo- 
inotrical isomer of the original acid, and the colorless substan(*e luoduced 
i)y expos\n*<* to sunlight is a dimer.®^*^ A primary phototropic » hange 
may be a(*companied or followed by an irreversible chemi(*al change; 
thus Singh and lihaduri^^* observed that the colorless solution of a-naph- 
thylarninocamphor in chloroform turned green on exposure to sunlight; 
simultaneously there was a photochemical oxiclation to n-naphthylimino- 
cainphor. It was suggested that the phototropic change involved a 
reaction with chloroform resulting u\ the formation of a triphenyl- 
methane dye; the explanation was based on the analogy of the color 
changes of phototropic triphenylmethane dyes.®^' The phototropie 
change of pUenyliminocam])hors is considered to bo nc»t d\ie to polymeri- 
zation and depolymerization sine** there is no change in magnetic sus- 
ceptibility.®*’^ libatiiagar, Kapur, and Hashmi examined the magnetic 
properties of pliototropic compounds, ami concluded that cinnamylidene- 
inalonic acid underw**nt ])olymerization ami c-nitrobenzaldehyde iso- 
merization.®®* Acetanilide />-disulfoxi<le is phototropic, but only in the 
presence of about 0.1% of tlu* corresponding disulfide; this observation 
indicates the possibility of reduction as a preliulo to the phototropic 
change.®®* 

A possible connection between pholotropy and the more g(»neral, 
irreversible phenomenon of fading is indicated by the observation that 
some phototropie changes are initiated or accelerated by oxygen. Thu,«! 
it is only in presence of oxygen that eolorh'ss benzaldehyde phenyl- 
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hydrazone undergoes a phototropic change to orange-yelhnv and then to 
red.*® The color changes are accompanied by the formation of (PhC'H- 
N--NPh) 2 , benzaldehyde and benzoic acid. The phot o1 ropy of diacetyl 
derivatives of 4,4'-diaminostilbene-2,2'-disulfonic acid and its salts i^ 
accelerated by oxygen.*® 

CoNSTlTI^TION OF I>YhS \i\D LkJHT FasTM.SS 

The photochemistry of simple organic (‘ompounds (e.g., aldehydes, 
ketones, saturated and unsaturated aliphatic acids) has been extensively 
investigated; photo-products have been isolated and the formation of free 
radicals has been demonst rated; the kinetics of the reactions have been 
studied and quantum effi('iem‘ies have been determined Dealing with 
dyes of relatively complex character, it has been possible only in very 
few instances to isolate and identif^'^ the photo-products Some of the 
difficulties are that phottx'heinical processes in dyes are very stow and the 
quantum efficumcies very small fractions. When decomposition prod- 
ucts are isolated, the problem is to distinguish the primary or photo- 
chemical change from the subsequent thermal and other reactions, and 
formulate the mechanism by which the ultimate degradation products 
are formed. 

Gebhard” was perhaps the first to attempt a corn*lation of th(‘ chemi- 
cal constitution of dyes with their fastness to light. He found that 
hydroxyl and amino groups accelerated fading, and alkylation of the 
amino groups accelerated it further, (^hloriue and Tiromnu* atoms, the 
sulfonie group and the carboxyl group retardesl fading, the last most 
powerfully. The position of the sulistitueul is also important. .Vmong 
the alizarin dyes, Gebhard found that the fastness to light depended on 
the number, nature and position of the substituent groups; in addition 
to the hydroxyl and amino groups, thiol groups and the quinoline ring 
increased fading, while the nitro group decr(‘a.sed it From tlie extensive 
data now available, it is clear that fastness to light is a complicated 
phenomenon and cannot be related to the invariable effc'cts of specific 
groups. Thus halogcnation among the indigoids and anthraquinonoid 
vat dyes usually increases light fastness; but both among the.se and other 
classes of dyes, halogen may be ineffective or even decrease the light 
fastness. The sulfonic group often favors light fastness, but a notable 
exception is the much greater fastness of azoic shadep in comparison with 
the direct cotton dyes in general. 

*• Stobbe et al., Ber. 46, J226; 2887 (11)13) 

Gebhard, J. *Sor. Dyers ColourtHts 26, 305 (1909) 
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Nitro dyes. Nitro dyes appear to fade by reduction to azoxy and 
azo compounds®* and ultimately to primary amines. Naphthol Yellow S 
fades by photoreduction to 2-nitro-l-amino-l-naphthol-7-sulfonie acid.” 
A photochemical reaction, which may have a bearing on the behavior of 
dyes containing nitro and sulfonic groups towards light, is the transfor- 
mation of l-nitronaphthaleiic-8-suIfonic acid in aqueous solution to 
r-nitro-l-amino-2-hydroxy-8,8'-dinaphthylsulfone.*'‘ 

Azo dyes. Azo dyes vary in light fastness within^wider limits than 
(lyes of any other class. This is to be (‘\pected, since the azo dyes are a 
very numerous class including types which diHer in the number of the 
azo groups, the character of the ring systems which the azo groups unite, 
and the number and nature of th(‘ auxochroines. The light fastness of 
various types of azo dyes and the structural factors which are favorable 
to light fastness ha\e been reviewed in Chapter XI.*' A primary amino 
group leads to low light fastness, and acylation (especially with a chlcjri- 
nated acid; increases the fastness. Specific groups such as the — S02lt, 
S()oNR 2, --OS()2Ar, CFs and alkoxy groups may be introduced for the 
purpose of increasing the light fastness. Phenyl-p(*ri-acid, 7-acid (acid- 
coupled; ai'd r>-pyrazolones as coupling (»ornpononts often yield wool 
dyes with good light fastiuvs^. The yellow's and oranges among the 
dir(M't cotton dyes have in general a higher level of light fastness than the 
blues and greens. The lionzidine iypo of direct cott(m dye usually has 
poor light fastness. Among the yellow, orange and brown stilbene 
dyes, and nul, violet, l)lue and green disazo and trisazo dyes of the type 
(A— ♦ M'— > > Ej in which E is J-acid or an A"-substi luted deriva- 

tive, good fastness (o 0 and as much as 7 for a few" stilbene dj’cs) has 
been attained. Azoic shades produced from the Xaphtol AS series are 
of a generally higher lev(d of fastness than the diro(*t cotton dyes. The 
average light fastness of the technically used azoic combinations is 
about 3, and scmie r(*ach a grade of (> 7.^*® The position of nuclear sub- 
stituents in some simple azo dyes can be correlated with their fastness 
to light and w'ashing; /j-najilithol derivative's are faster than the a-naph- 
thol analogs; among the three aniline sulfonic acids, orthanilic acid 
yields the fasti'st azo dyes. 

Exposed to light on cotton or in solution, 1-p-sulfobenzeneazo-A^- 
plu*nyl-2-uaphthylamine (1) gives tin* triaz(dnim salt (II) and naphtho- 

Mourner, Tiha 9, 5, 121, 237, 353, mi 585 (1031). 

Hodgson and Smith, J. Soc. Chfm. Ind. 56, 108T (1037). 

Vorosheov and Kozlov, J. Gen. Chrm. r’.8.8./?. 7, Id 10 (1037). 

See also t'hapters XI1-.\XIT. 

*’“860 also Pinto and Millet, BuU. tnst. texUle Fraitci ^ No. 0, 20 (1940). 

^®Brode and (IrifTith, Ohio A^ir. Eipt. Stn IhtlL No. 51)5 (1936). 
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phenazilie (III) in 44 and 16% yield respectively;^® (II) is the primary 
oxidation product, formed from (I) by dehydrogenation and reverts to 
(I) by reduction. The phenazine (HI) is probably formed from (IT) by 
the further action of light. The changes also occur in the absence ol 
oxygen (although much more slowly), so that the oxi<lizing agent must 



be the dye itself, 'fhe stability of azo dyes troiii A’-alkyl-/:^-naplitli\ 1- 
amines is much greater and they are not so n'adily convertible* into 
triazolium salts. 

Fading of azo dyes is an oxidation process. The photochemical 
oxidation of cellulose is accompanied by evolution of carbon dioxide, and 
cotton dyed Avith simple azo dyes yields more carbon dioxide* on illurnina- 
tioii than undyed cotton.-® Haller and Ziersch observ(*d tlu* formation 
of 1,2-naphthoquinone, jihthalic and phthaloiiic aeids, when cotton 
dyed with azo dyes from /i-naphthol was exposed to the* light of an 
are. Oxidation of such azo dyes in aqueous solution with liydrogen 
peroxide and cjther oxidizing agents breniks the* N X l)ond, and coloi 
reactions of exjiosed dyed samples indicate a similar fission on the* 
fiber. When calico dye'd with Chlorazol Sky I?Tiie and olhe'r dire'ct 
azo dyes is exposed to sunlight, complete deslriietion of the dyes e)C(‘urs 
long before the cellulose exhibits marked reducing action; the fading 
action is apparently not the result of rexlue tion by ce*llulose unde*r the* 
influence of light/^ but further invc’stigation including the* f*stimation 
of the carboxyl content of the cellulose afle'i* (‘xposun* is nce*e*ssarv 
Atherton and Selzcr have found that the d(*st ruction eflie*icne*ie‘s for a 
scries of dyes (aniline or substituted aniline > a-naphthylamiiie) in 
cellulose acetate film, on exposure to light from a carbon are, are in tlie 
reverse order to the dissociation constants of the corresponding substi- 
tuted benzoic acids. Assuming that the initial step in the fading reac- 
tion is the formation of an azoxy compound, and that Hammett rule* 
connecting the effect of m- and p-siibstitution in benzene d(*rivatives on 

Krollpfeiff or, Mnhlhausen, and Wolf, Ann, 608 , 39 (1933). 

Desui and (lilcs, Symposium mi Photoohomistry in relation to textiles, J, Soc. 
Dyfrs Colourists 66, 585 (1940). 

Hilibcrt, Soc. Dijtrs Colourists 43 , 202 (1027); contrast Harrison, ibid, 30 , 20h 
(1914). 
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reaction rates can be applied to photosensitized processes, they explain 
the observed relationship on the basis of the electrophilic character of 
the substituents.^® 

Blaisdell has recently demon.st rated tho reduct ifin of an azo {»roup by 
irradiation in presence of a hydroKen donor. The action of lij^ht on 
solutions of azobenzene in ijsofn-opyl alcohol and isooctane results in the 
addition of hydrogen extracf(»rl from the sol\’^(‘nl ; hydrazobenzene, and 
later aniline, is formed. In the presein*(* of oxygen there i^ a photo- 
sensitized oxidation of the solvent.^® 

The fastness of many azo dyes is Jinj>rov(Ml by an afterlreatmeni 
with co])per salts on th<' lii)(»r. The copjier comple\(»s of the dyes may 
he prepared in suhstanc(‘, and Mome direct cotton dye^ of this type have 
excellent fastness to light. Phenyl <iisodium phosphate and similar 
aryl derivatives of the acids of pliosphorus have ])(*(*n claimed to improve 
the light fastness of direct dy(\s on cotton.^® 

Basic dyes. Basic colors as a class arc‘ v(M*y tugitive to light; the 
fastness grade is mostly the lowest (1), and for a few dyes 1-2. The 
ammonium oxonium and sulfonium gioups, which impart basic dyeing 
properties, appear to be n*sponsiblc for the photosensitivity. So long 
as these are present, the fading of the dye by the action of light can only 
be altered to a minor degree by varying the other parts of the dye mole- 
cule. Acid and vat dyes derived from anthraquinone and unthrone 
usually have good fastness to light; the anthrone derivative (IV) dyes 


O 

II 



Ph 


wool, silk and tannin-mordanted cotton bright green shadexs which are 
fast to acids, alkalis, and washing, but fugitive to light, being only very 
slightly faster than Malachite Clreen in this respect.*' When sulfonic 
groups are introduced into basic triphenylmethane dyes, the acid dyes 
on wmol and silk have higlu*r light fastness than the basic dyes on tannin- 
mordanted cotton. The dilTcrence is usually small, but certain acid tri- 
arylmethane dyes (e.g., indole derivatives and dyes containing p-alkoxy- 
aiiilino groups) have good light fastness. Among the Rhodamincs, 
which are derivatives of triphenylmethane and also of xanthene, dyes of 
the P'ast Acid Violet ARR type (sulfonic acids of A^'-phenylrhodamines) 

Hiaptors \1II and XVII. 

Ciba, BP 543,575. 

' 'lonea and Mason, JCS 1813 (1934). 
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reach a light fastness grade of 5. The Wool Fast Blues of the azino 
class have light fastness 4-5. AVhilo the basic oxazine dyes have very 
poor light fastness as usual, there are direct cotton dyes of the dioxazine 
type which have excellent light fastness (6-7). 

Wlien a dye which has excellent fastness and contains a trivalent 
nitrogen atom is converted into an ammonium salt, the light fastness is 
invariably decreased. The treatment of a direct dye on cotton with 
ammonium salts containing paraffin chains for the purpose* of im])roving 
the washing fastness generally lowers the light fastness, and it has been 
shown that the effect is not due to the aliphatic groups, but to the forma- 
tion of an ammonium salt of the cationic reagent and the dye anion 
Cationic softeners have a similar effect and it has been suggest'd that the 
softening of dyed textiles is preferably carried out with anionic reagents 
such as the alkali salts of the complex amides formed by the condensation 
of fatty acids with polyethylencpolyamincs or the alkali salts of tin* 
products obtained by heating such amides with urea.*^ 

Many cationic dyes are oxidants and under light excitation contain 
enough energy to effect various oxidations sindi as ferrous to ferric ions 
When a solution of Methylene Blue and ferrous sulfate is irradiated, tlu* 
leuco derivative of the dye is formed; the reaction is reversible, and in the 
dark the ferric salt regenerates Methylene Blue.'^® The fading of sneli 
a dye can be the result of autoxidation or of oxidation by hydrogen 
peroxide formed by the photosensitized autoxidation of water (see latf‘r) 
By the action of light on ba.sic dyes in tlie abscjy^ce of air or other 
oxidizing agent, the leuco derivatives are formed.^’ The oxalat(‘s of 
Malacliite Green and Crystal Violet are converted into p-dimethylamino- 
benzophenone and Michler’s ketone respectively by the action of light 
and air The addition of hydrogen peroxide to the aqueous solution 

greatly accelerates the reaction. Studying the kinetics of the reaction 
for a few triphenylmethane dyes, Vaidya, Desai, and Khanderia^^ found 
that the change was in general proportional to the time of exposun\ 
^\hile the dccompo.sitiori of nitro and azo dye.s was proportional to the 
.square root of time with a considerable period of induction. Photo- 
chemical change to the same extent was effected by absorption of light 
energy by solutions of Brilliant Green in the three main regions oi 
absorption (b 450-5700 A; 4400-4180A; 3220-3100A) in the ratio 1.5: 1: 1, 
so that the quantum efficiency in the region of the first absorption band 

« McLpocI, Atn. Dijf stuff mptr. 87 , 30 (1948); USP 2,344,250-60. 

** Kabinovjtch, Pliotof«ynthe'*is, Vol. I, Iriterspirnco, New York, 1945. 

Woisa, Nature 136, 794 (19.35), 138, 80 (1936); Trans, Faraday Soc. 35, 48 (1939) 

Iwainoto, Bull. Cfu'nt. Sor. Japan 10, 420 (1935). 

Private commiinicution 
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w'as about 33% lower than in the blue-violet and ultraviolet regions, 
assuming the reaction to be of the first order. A eharaeteristic of the 
fading process for three of the four friphenylmethaiie dyes examined 
(Magenta, Methyl Violet, Brilliant (iieen) was tlie very low quantum 
efficiency (5 -1 1 molecules per million quanta of th(* light energy absorbed) ; 
(t> was higher (52-59) for Methyl (Ireen which has two cationic charges, 
'rhere was a decrease in the quantum efficiency with increasing concen- 
tration of the aqueous solution, apparently due to collisioiial deactivation 
as in the quenching of the fluorescence c)f solulioiift of P^osine and other 
fluorescent dyes by increasing the concentration above certain limits. 

A remarkable instance of demethylation is the action of ultraviolet 
light on a solution of Crystal V'iolet, when fu(*hsine is formed, besides 
colorless compounds resulting from more profound degradation.^^ 

The Icuco bases of the triphenylmethane dyes (e.g., Malachite Green 
and CVystal Violet) are extremely light-sensitive; they are converted into 
the colored quinonoid comi)ounds. An application of these dyes in 
actinometry depends on the behavior of the leuco cyanides which are 
colorless in the dark, and become co!on»<l on irradiation, as a result of 
photoiouization.*^^ 

While the tannin-antimony lakes of basic dyes have low* light fastness, 
lakes with phosphotungstic, phospliomolybdic and especially phos- 
[)homoIybdotungstic acids have greatly improvi'd fastness to light, and 
they ar(‘ valuable pigments. The light fastness of basic dyes on tannin- 
antimony mordanted cotton can be increased substantially (trom grade 
1 2 to 3 5) by aft(»rtreatment with phosphomolybdotungstic acid (e.g. 
Aiixanine B, IG). The light fastue.ss of Astraphloxine FF can be raised 
from I to 5 0 by this tn*atment. The light fastness of lakes of triphenyl- 
methane dyes with molybdic and other complex inorganic acids increases, 
up to a certain maximum, proportionately to the amount of acid adsorbed 
on the lake in excess of that reciuired for salt formation. This effect 
has b<*en ascribe<l to the presence of the atlsorbed acid on the surface of 
the color lake particles; bleaching of the color lake as a u^sult of light 
absorption is then prevented by the screening action of the inorganic 
substance. The increased stability to light may be at least ])artly due 
to the intrinsic properties of the color lake as a substance (*lu‘mieally 
dijstinct from the parent dye. Bancroft and Ackerman suggest that the 
higher light fastness results from a lowering of the chemical potential to 
an extent dependent on the affinity of (he dye for the substrate.*® 

Henrkiuez, Her, trav. chnn. 62 , tM)l (1933). 

bifflchitz, Bcr. 62 , 1910 (1910), rt srq.; Harris ct «/., JACS 67 , 1 151 (1935). 

Ncergaard, Keniisk 21 , 77 (1040); lugetiiorcn, 60 , No. 73, K81; Xo. 86, K115; 

61 , Xo. 4, K1 (1942). 
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When a trimethylaminonium or sjimilar group is iiitrodufocl into tho 
7- or 8-position of l-nitroso-2-naphthol, the green iron complexes dye as 
basic dyes on tannin-mordanted cotton, and the shades have good fast- 
ness to light.*® 

While it is generally accepted that the chemical action of light is 
dependent on the quantum absorbed, and therefore on the trequency of 
the light, Rein has attempted to relate the increase in fastness to light of 
basic dyes when they are converted into th(> phosphotungstates, and the 
similar behavior of azo dyes when they are converted into copper com- 
plexes, to lowering of the intensity of absorption.*®" 

Indigoids. On w ool indigo and the halogenated indigos have excellent 
tight fastness (8), and a grade of 6-8 is attained by many indigoid and 
thioindigoid dyes on the protein fiber. On cotton indigo and other 
indigoid dyes usually have light fastness only of the grade 3 1 ; but a few 
magenta and pink thioindigoid d 3 "es have higher fastiu'ss (o (>). When 
indigo-dyed cotton is exposed to light, slow fading occurs and ultimately 
the shade becomevs yellow; at this stage accelerated photoclumiical oxida- 
tion of cellulose takes place.” I.satin has been isolated from the products 
of the photochemical degradation of indigo;’^ this is one of the few 
examples in which the fading of a dye has given an isolabh* decomposi- 
tion product. From (Jiba Blue 2B d^^ed on cotton, dibrornoisatin has 
been isolated in a yield of about 

Indigo white and then indigo are formed when the halogenated 
indigos in aqueous caustic soda-h^'^drosulfite solut^n an^ exposed to 
sunlight in a sealed tube;*'-^ this is an example of the dehalogenations 
effected b^" the action of light and is not confined to the indigoul sene'- 
With halogenated dj’es of lioth the anthraquinone and indigoid senes, 
the dyed materials are off shade if, after impregnation in the vat, there is 
exposure to sunlight before oxidation, and the effect is due to dehalogena- 
tion.®® When 1- and 2-chloroanthra(iuinones are reduced in alkaline 
solution to the anthrahydrociuinones, and expo.sed to wdiite light, tluw 
are dehalogenated.®^ 

Anthraquinone derivatives. Sulfonic acids of aminoanthraipiinoiK' 
derivatives as wool dyes and the anthraquinonoid vat dyes for cotton 
are among tho fastest dyes in the entire range of .syiithetn* dyes. A liglit 


Geigy, BP 305,648. 

angew. Chem. 47, 159 (1931). 

HallcT €t al,j Mdliand Textilber. 9 , 415 (1928). 

.Scholcfield, flibbcrt and Patel, J. Soc. Dye/s Colounsh 44 , 236 (1928^ 
van Alphen, Rec. trav, chivi. 63 , 05 (1944). 

Weber, Am. Dyestuff Reptr. 22 , 157 (1933). 

Goldstein and Gardner, JACS 66 , 2130 (1934) 
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fastness grade of ()*-7 for the acid anthra<|uiiione dyes and of 0-8 for the 
vats is the general level. As dispersed dyes for eellulose acetate, the 
aminoanlhraciuinones and their derivatives are somewhat lower in the 
scale. It has been mentioned earlier that many vat dyes on nylon have 
much lower light fastness than they have on cotton, lilaisdell has sug- 
gested that the difTerence is mainly due to the existenct* of the dyes as 
relatively large crystals in the cotton fiber, while their growth in the 
denser hy<lrophobic nylon fiber is greatly retarded.'*" 

Sulfur dyes. The light fastness varies from 3-1 for the yellows and 
hrowns to o (> for the blues and greens and 7 for the blacks. The fast- 
ness of the y<»llows and browns can be in<*reas(»d (‘onsiderably by after- 
treatment with copp(*r (and to a less extent with chromium) salts. 
Metal complexes are probably formed, but unlike the coordination com- 
plexes of the azo dye.s wdiich are w(‘ll clniract(‘rized and have b(‘en pre- 
pared in substance* for Mibse*(ju<*nt application in dyeing, the products 
of the action of copp(‘r and chromium salts on sulfur dyes have not been 
investigated. 

Light fastness of pigments, 'rhe fading of pigments used in paints, 
varnishes and other decorative coatings is in some ways even more 
difficult to assess and in1er])ret than the fading of dyed fabrics, since the 
materials (vehicles, e.xtenders, (dc.) in conjunction with which pigments 
are used are many and vari<*d. 

Broad correlations have been noti(*ed regarding the chemical consti- 
tution of organic pigments and their stability to light.®- I'he highest 
degree of fastness is shown by the phthalocyanim*s and other metallic 
comple.xes. Copper and iron are especially cfYe( live in imparting light 
lastncss. Combination of the fugitive basi<* and acid triphenylmethane 
dyes with the eomplox acids of jdiosidiorus, molyhd<'niim and tungsten 
yields lakes with e\cell(*nt fastness to light. Among the azo dyes, hiking 
with barium and calcium improves light fastness.®^ 'Fhe titanium- 
pr(*cipitated derivatives, particularly those mad(* from the glycero- 
chloride of titanium, are superior to the corresponding barium derivatives 
of snlfonated acid dy(‘s in their fastness to light, and they have also 
greater color strength and softer texture.®* In a scries of clo.^ely related 
azo dyes it is found that chlorine atoms and nitro groups are favorable 
to light fastness. The azoic pigments from the anilides of 2-hydro\y-3- 
tniphth()i(* acid have belter fastness than the /3-napbtlu)l analogs.®® 

**" Mackonzio-nirlinrds, J. Oil d" Colour Chetfiinis' ..Is^s-or. 22, 2()2 (lUIIOi. 

D. Allen, Rod Organic Pigments in Mattiello's Protective ami Decorative 
Coatings, Vol. II, Wiley, New York, 1912. 

Hancock and Stevens, J. Oil d£ Colour ChnniMs* Assoc. 24, 293 0941). 

Walker, ./. Oil dt Colour Chemists^ d-s-soc. 30, 91 0917). 
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Degradation of Cellulose Dyed with Certain 
Yellow and Orange Vat Dyes 

Tho pholosoiisitizing iiction of piKmenis and dyos of (‘ortain type's, 
such as ('hlorophyll and tho oyaniuos, has lioen known for a long time, and 
is a technioally valualile property used in photograpliio proe'osses.®® The 
abilitj" of some dj’oa to acoolerate ehemh'al reactions induced by light 
becomes an unpleasant trait when they manifest su(*h activity on fibers 
Accelerated tendering of cellulose in this manner has been observed with 
a variety of dyes (e.g., Auramine and other basic dyes, some sulfur and 
azoic dyes),-* but anthraquinonoid vat dyes ha\e receivc'd particuhu 
attention because of their own fastness to light. 

Examples of active vat dyes. When cellulose is exposed to light,®' 
degradation takes place very gradually, and the change can be foll(me<l 
by observations of the loss of tensile strength and increase in (a) reducing 
power (copper number), (b) fluidity of cuprammoniiim solutions, (c, 
alkali solubility, and (d) Methylene Blue absorption. After prolongi'd 
exposure, the flbers become completidy brittle and fall to a powdc'r. 'J'hc 
formation of oxyccllulose and humic substances is a<*coinpanied by tlu' 
evolution of carbon monoxide and dioxide. The i)hotochemical ten- 
dering'^ of cellulose is accelerated when it is dyed ^^llh certain dyc's, 
mainly yellow and orange vat dyes of tin' anthraciuinone series.®''"^® 
Such catalj'tic a(*tivity is a serious defect, for dy(*s uliich may be satis- 
factory from other points of view, including their fastness to light, are 
then valueless for dyeing and printing fabrics, such curtain materials, 
liable to be exposed to direct sunlight for long jicriods. Two examples 
of severe tenderers in the commercial range of vat dyes are Indanthrene 
Yellow’ FF'RK and Indantlirene (Golden Yellow’ (iK, both of whicli liave 
very good light fastness (ti 7); the former has excellent fastness to all 
other agencies, while tiolden Yellow’^ (IK is deficient only in its fastness 
to alkali boil, (’ibanone Orange H, which was withdrawn from tlie com- 
mercial range because of its tendering activity, has a light fastness of fl 7 
In general, however, marked degradation of the cellulos(' substrate i" 
accompanied by fading of the dye. It was a startling discovery when 
the light-tendering action of well-knowm anthraquinonoid dye's w’a^ 
recognized, for the cotton industry had come to depend on tliese vat dyc^ 
as a class for outstanding fastness, especially to light. The practical 

See Chapter XXXVIII. 

For a review, see Apple})y, Am. Dyfstuff Uepir. 88, 149 (lD49j. 

“Haller. Melliand Textdtier. 5, 541 (1924). 

“ Scholefield and I’atol, J. Sor. Dyers Colourists 44 , 268 (1928). 

For a review, hoc Turner, ./. Nor. Dyers Colourists 63, S72 (1917). 
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juspects of the phenomenon have therefore been widely studied by dye 
manufacturers and users, 7*-7*‘* as a result of which llie '^safe'^ dyes have 
been classified and distinguished from the “flangerous^’ dyes and from 
those which are on tlie borderline. Dyes in the latter category are 
regarded with suspicion and are used only for materials not likely to 
undergo prolonged exposure to light. Yellow and orange vat dyes, 
absorbing strongly in the region 3()0() lOOOA, are the most active ten- 
derers; red, brown, violet and bordeaux dyes are less acti\(*; blue, green, 
afid black dyes are inactive so far as tendering l)y light action is con- 
cerned. Attempts have been made, though on insufiici(‘nt data, to 
correlate “the extent of destructive action with the completeness of 
absorption” in the 3000 -iOGOA region of the spectrum.'- All the yellow 
and orange anthra(iuinonoid dyes are not ttmderers, indicating that other 
characteristics besides <‘oIor are involved. Studying the behavior of a 
large numVier of vat dyes, Landolt’* found that 75 ',7 of the yellow^s and 
oranges, 30 ^/( of the scarlets and reds, 30 S of the ''iolets, but none of the 
blues and greens are capable of accek^rating the degradation of cellulose 
by light. The yellows and oranges, Iiowtvct, are far more' powerful in 
(heir tendtTing action than the scarlets, reds and violets. When an 
active dye is present on tlie fiber in admixture with a second and inactive 
dye, the action of light on the dyed cellulose is dependent on the potency 
of the a<’tive dye as a tenderer and on the light fastness of the second dye; 
the light-fast direct (‘otton color, Chlorantine Light Blue KtL, has been 
found to diminish the d(‘gradation of cellulose. The light fastness of 
the second dye (e.g., a blue vat dye) may be considerably reduced. Thus 
both the active Anthra Yellow' CU> (Caledon Yellow' 5(1) and the inactive 
Ciba Blue 2B have good light fastness (about 5); but when cotton is dyed 
with a mixture of the two and ('xposed to light, the blue dye fades rapidly 
until it is completely (l(*at roved. The decomposition product is jtIIow' 
in color, so that the original green shade of the mixed dyeing turns into 
yellow; and w’hon the blue dye is no Umger available for the light-activated 
Anthra Y(dlow' molecules to act upon, the energy is transmitted to the 
cellulose substrate which then undergoes oxidation. Cibanone Orange 
R promotes rapid decomposition of l)ir(*ct Sky Blue when dyed in 
admixture with it.^^ The powerful tenderer llydron Yellow^ NF (Indan- 
threne Y(dlow' GF) degrades not merely the cotton warp, dyed w'ith this 


Whittakor, J. Soc, Di/tta Colounsts 49, U (10331; 61, 1 17 (1035), Sor Chnn Ind. 
62, HOT (1033). 

8oe also Fox, J. Soc. Dytrs Colourists 66, 528 O^^tO) 

Scliolefield and (toodycar, MtUiand TcxtiUnr 10, 807 (1020). 

MelUand Tixtilber, 14, 32 (1033). 

'‘Landolt, MfUiand Trxtilbir. 11, 037 (1030). 



1230 


THE ACTION OF LIGHT ON DYES AND DYED FIBERS 


dye, in a cotton-viscose union fabric, l>ut also those parts of the blue 
vat-dyed viscose weft which are in close contact with the tendered warp.’f> 
Landolt has drawn up a list of safe dyes, and has also shown that even 
the dangerous dyes can be used in carefully chosen mixtures. Active 
vat yellows are only deleterious in mixtures with fast blues after a certain 
minimum proportion of the yellow has been exceeded.^® In this con- 
nection it is interesting to note that high lastness to light has been 
specially claimed for the yellowish green dyeings produced by a mixtun» 
of dimethoxydibenzanthrone (Caledon Jade Clrecui) and the highly active 
Indanthrene Yellow 3GF type of dye."^ Some of the dangerous dyes, in 
addition to those mentioned earlier, are C'ibaiione Yellow' K, Indanthrene 
Yellow 5GIv and Indanthrene (loldeii Orange G. Yellow and orange 
vat dyes free from the tendering defect are now available for dyeing, but 
some of the active dyes continue to be used for calico printing because of 
their suitability for the printing process. 

Factors affecting light -tendering activity. With a given vat dy<' 
possessing tendering activity, cotton and viscose^ arc* about equally 
susceptible, although conflicting statements have been made regarding 
their relative resistance and their suitability as materials for casemcril 
curtains."^ Silk is more rc‘adily attacked than the cellulose fibers, and 
wool is the most resistant, being unattected for all jiracth^al purposes “ 
The relative susceptibility of various fibers to the light-tendering action 
of vat dyes therefore luiis parallel to their behavior towards light. "I'hc 
activity of the same vat dye* on «*otlon, viscose, silk and nylon depend^ 
oi\ tlie humidity of the air; in moist ur('-satura1(*d aff, the degradation is 
in the following decreasing order: .silk, njdoii, cotton, and viscose.^'' 
Many of the dyes wdiich increase the photochemical degradation of 
nylon are least fast to light on this fiber."“ 

For a given dye, the degree of degradation of the c(*llulose substrate 
increases wdth increasing depth of shade and longer time of exposure 
Open weave fabrics and fabrics constructed from dyed yarn undergo 
dc*gradation more rapidly than tightly woven and piece-dyed material, 
the determining factor licing the accessibility of the dye to light. Atmos- 
pheric humidity has a profound influence on the degradation of cellulose 
by light in presence of the active vat clyes, as shown by Egerton’s data 
(Table I)**® on the increase* in cuprammonium fluidities of undyed cotton 
rirmcn and Goodyear, Ttxlib MJr, 65, J37 (1929). 

Fitz.siininoiis, J. Sor. Di/pis Colrrunhis 60, 305 (1934). 

General Aniliiio and Film, USP 2,227,831 
'* Egerton, J. TtxUlr Inst. 39, T293 (1918). See also Ref. k«. 

Egerton, J. Soc DijirH' Colour ists 64, 336 (1918) 

Egerton, J. Nor. Difcrs (*olounsts 63, 161 (1917). See alao Ashton, ClibbenH, ainl 
Probert in Ref la. 
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table I 

( Egerton ) 

iNfKEASK IN FlI’IDITV OF DyKIJ AND UnDYED (’OITON EXPOSED TO SCNLIOHT 

(5,000 MicKOWATr-HouRs per »Sq. (\\i.) Ix\ Dry and Humid Air 



Fluidity 


jVo. I)}f( 

O'LR.H. 100 

% IMI. 

1. C'alodon Brilliant Bliio ]{ 

11 

11 

2. (’aleclon Jailc (Irpori (1 

\ 

1 

11. ('il»a O 

\ 

0 

1. Indiintlirpno Khaki 2(i 

5 

7 

5. Indaiithmip Brown HB 

5 5 

7 

0. (’aledon lL‘d BX 

9 

12 

7. Durifidono Blup IB 

\ 

111 

ft. Indanthnnip Brilliant Orango (JU 

10 

14 

0. UiidvfMl (l)h*}i<‘hed ) rotton 

n 

15 

10. ('alodon Rod 5(1 

(i 

15 

11. ('alodon Rod X5B 

() 

15 

12. Indanthrono Rink FBBL 

7 

15 

i* .Kaithrono Orang»* ORTK 

12 

10 

1 1. Calodon Rod 2(j 

t; 

17 

15 IndanthrcMio (Jold Orango 11(1 

15 

17 

10. Indanthrono Brilliant Orango RK 

1 1 

19 

17. Algol ^'ollo^v W( 1 

5 

211 

1ft. Indanthrono V<*llow IIRT 

12 

21 

19. lndanthr(>no Orang(‘ RRK 

Ifi 

24 

20. Indanthrono Brilliant Orango (IK 

15 

25 

21. (''ihanorio Orango OR 

It) 

25 

22 (alodon Orango 2 RT 

17 

25 

211 (\‘dodon follow 11(1 

ft 

20 

21. Indanthrono Yollow IKiT 

111 

20 

25. Oalodon ^'ollow (1 

It) 

20 

20 Indanthrono ^ ollow 7(1K 

10 

27 

27. Indanthrono (loldon Yollow RK 

1 1 

28 

2ft. Diirindono Soarlot \ 

10 

29 

29 Oalodon Orango IR 

K) 

no 

110. Calodon (lold Orango (1 

IS 

no 

111. Indanthrono Yollow 5(1K 

19 

nil 

112. Cihanono Orango R 

20 

118 

nil. Tiidaiithrono Yollow^ KERK 

it) 

119 

114. Indanthrono Yollow (IE 

19 

39 

115. Indanthrono Printing Yollow OOK 

13 

11 

no. ('alodoii Yollow' 5(1 

18 

10 

117. ('il)anono Yollow' R 

19 

52 




1232 


THK ACTION OF LIGHT ON DYES AND DYED FIBERS 


and of cotton dyed with a series of vat dyes on exposure to light in dry 
air and at 100% RH. 

Moisture has practically no effect on the photochemical oxidation of 
cellulose in presence of inactive dyes such as tlu* blues and greens; the 
effect is less than in the case of undyed cotton. Flavan throne (Caledon 
Yellow G) and Indanlhrene Yellow 7GK have considerable activity as 
light-tenderers in a humid atmosphere, according to Table I, but Flavan- 
throne is iLsually classified among the relatively safe dyes and special 
claims have been made for Indanthrene Yellow 7GK as a nontenderer. 
lOgerton’s work is valuable because it provides (luantitative data for a 
comparison ol the light-tendering action of a series of vat dyes examined 
under a standard set of conditions. There is need, in fact, for more 
extensive data on the full commercial range of yellow, orange, and red 
dyes, and for the planning and interpretation of the exposure experiments 
on a statistical basis in order to avoid conclusions being drawn from 
adventitious results. Egerton and others have usually (unployed com- 
mercial brands of dyes and this is probably one of sevcu’al reasons for the 
differences in the results recorded by various workers, for instance in 
Tables I, II, III, and V, Pure dyes have to l)e used for studying the 
relation betw'cen their chemical constitution and pliotochemical actiAily. 

Fox has examined the behavior of 34 commennal vat yi41ows aiid 
oranges, w^hen dyed in a medium depth of shade on bksached cotton fabiic 
and exposed to sunlight and the industrial atmosphere of Huddersfield, 
his results are recorded in Table 11.^*" ^ 

Landolt has made a (piantitative comparison of the photo<*hemical 
activity of simple anthraipiinone derivatives, anthracpiinonoid vat dyes 
and thioindigoids by topping the dyeings on cotton with 0.2^ Direct 
Sky Blue GS, exposing to light under standard conditions, anddeteriniii- 
ingUhe difference in reflectance between the unexposed and exposed dy(‘- 
ings.'*® The results, stated as “blue test are recorded in Table 111. 

Exposure in an atmosphere of carbon dioxide or nitrogen leads to a 
very small rise in cuprammonium fluidity (Table IV), wdiich may bedue 
to the difficulty of completely removing oxygen from the system.^® 

Vat-dyed mildly alkaline cotton is markedly inferior in light fastness 
to neutral or mildly acid cotton.'^ A favorable factor of great potency 
for the degradation of cellulose is high alkalinity in the dyed cellulose' 
under exposure, and still greater tendering activity ri'sults if the dy(‘ on 
the fiber is partially or completely in the leuco condition. In the pro- 
cedure for examirfuig the activity of a dye, prolonged exposure to light 
under neutral coiulitiohs can be usually replaced by short exposure under 
alkaline conditions, since comparable results are oV>tained; but there are 
exceptions (e.g., Indanthrene Orange ORTK and Helindonc Yellow 3GN) 
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TABLK II 
(Fox) 


I)ll< 

Light 
fastm 8H 

A- Highly Active 


Antlirafhivoiic* (J 

3 

('ihftiionr Vollow U 

4 

Paradono (i(’ 

4-5 

A-B Active 

Algol Yellow 8(i 

4 

('ibaiioiie Orange* K 

6-7 

(''ibanoTic Yellow 2(rU 

5 

Samlothrene Orange X l(i 

6 

Indanthrene Yellow (Kll) 

4 5 

Indanthreno Yellow (IF 

5 

Indantlirene (lolden Yellow OK 

5-6 

Indanthrene (lold Oiange 0 

5-0 

Indanthrene Yellow oOK 

5 6 

Indanthrene Yellow FFHK 

6-7 

(’’ihanone Orange 2H 

5 

B— Moderately Active 

C'ibanone (iold Orange 20 

5 

Indanthnau' bellow OK 

6 

Indanthrene Brilliant Orange OK 

7 

Indanthrene Biilhant Orange UK 

7-8 

Indanthrene Yellow 7(iK 

5-6 

Indanthrene Yellow lOK 

7 

C- -Mildly Active (Border Cases) 

('aledon ^ ellow lOS 

5 6 

Iinlanthrene Orange UHT 

6 

Iinlanthrene Oolden Yellow UK 

7 

('jbanone Orange 6U 

6 

Indanthrene Brilliant Orange OU 

6-7 

Indanthrene Orange ^U 

6-7 

D —Inactive 

Indanthrene bellow* lUtT 

7 8 

(’aledon Yellow 2US 

7 

Oaledon Yellow oKS 

6 

Indanthrene \ellow d(iF 

5 

Fara<lone >'ellow 0 Xew 

6 

( ’aledon Oold Orange iU J 

t 

£ — Protective 

Indanthrene Orange OO 

7 8 

Indanthrene Orange UK 

4 



1234 


THE ACTION OF LIGHT ON DYES AND DYED FIBEHS 


TABLE III 
(I^andolt) 


Ihjt 

Shath 

Blue if si % 

Anthraqiiinono 

Colorless 

\ 

l-Aminoanthraquiiioiie 

Brown 

0 

1,5-Diaramoanthraquinono 

Hod-brow n 

0 5 

l-BcnzamidoaiithriKimnoiie 

Siilfui \ellow 

0 

1 ,5-Bi8aeotaitii<loant liraquinoii<‘ 

l*ale yellow 

0 

1,5-Bishenznmuioiintliraquitioiio 

Sulfui \ellow 

2 5 

1,5-Bis-p-chloiohon/aimdoanthraquinone 

\ ellow 

0 

1,5-Bis-o-chloniberiZHiiiiduarithiaquiiionr 

Pale > ellow 

0 

1,5-Bis-p-aniiiiohenzamidoaiithraqmnouo 

Blown 

1 

1 ,5-Bis-p-dimcth> lanunolKMizainuIoaiitlirac{uin<>ii(‘ 

Ihow ri 

4 

l,5-Bis-p-motho\y>)Oiizainidoaiithraqiiin()m' 

Uedcbsh \ ellow 

5 5 

l,5-Bis-/3-naphthaTnidoantlu:iquinono 

Pale V ellow 

\ 

l,5-Bisnicotiriainidoaritlira({Uiiiorio 

\ ellow 

0 ■> 

1 ,5-Bis])oiizainido-4,8-dil)\ drow ant hi a(]uinonr 

Violet -blue 

1 a 

Flavanthronc 

^ f‘Ilow 

0 5 

Dibenzopv ronequinono 

^ ellow 

1 

Dibromodibenzopyreiifquiiiom* 

(loldeii \ ellow 

U 

P> raiithrouo 

^ ellow -orange 

10 

Bromopv i ant tirotu* 

Oi aiige 

s 

Dibromoant lianthroni* 

Ited-orangi 

6 o 

Dichloroanthant Krone 

Orange 

7 

Triliromopyrantlirone 

Bed -orange 

() 

Ant hant Krone 

Brow n-or,inge 

1 7 

Carbazolized o o'-bisbenzaimdo-lJ'-diantKniiude 

Ibnldisb^v ellow 

7 

Carbazolized 1 1 .5-tnanthi iinide 

Heddish > ellow 

\ .7 

C'arbazolized T, PM,4-lnanthriinide 

Reddish brown 

2 

C'arbazolized S-lienzaniido-l', 1 ", 1 4-triuntltiiiiiide 

\ ellow -brow u 

0 

C'arliazolizcd 8 ', 8 "-bjsbeiizaniido-r,l",l, Mn- 



anthriinide 

Ued-biow n 

0 .7 

Carbazolized 4,5'-bisbenzaimdo-l 1 -dianthriniKb* 

( )iange-brow n 

2 

(’arbazolized 4,4'-bisben/amido-l,l'-dianthntTn<lf 

Olive 

1 

( arbazolized 1 ' 1 "" 1 , 4,5,8-pentantK^lIIllde 

ellow -oli\ < 

0 

ThlOlndlfro 

Blu<‘ led 

0 

6 , 6 '-Dietho\> tbioimlif^o 

Oiange 

<) 

6 , 6 '-Dichlorothioindi> 5 o 

Bkie-re<l 


5,.V-Diehloro-7,7'-dHnet K> It Ijiuindigu 

Hed-\ lolet 

2 

6,6'- 1 )ieKloro- 4, 4'-di methy IthioindiKo 

U<‘d 

4 5 

5,7,6 '-Triehloro-4,6, *1 '-t rimet by 1 1 hiojiidiKo 

Pink 

r> 

5,r)'-Dichloro- 4,7, 4'^7'-tctranicthylthioiiidigo 

Red-\ lolet 

5 
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TABLE IV 
(Egortoii) 

Dyki) and Lndykd (’o'n'ON Exposed in Varioi s CIases to a H. 1*. Merctry 

Lamp (250 VVatt.s) 


Alniosphfrf R //. 

Carbon dioxide 
Nitrogen 
Air 

Oxygen 

(’arbon dioxide 
Air 


Time of 
(xposure 

Cibnnotu 

(hours) 

Yellow H 


2 6 

70 

2 7 

Hi 9 


28 6 

45 

3 0 

29 0 


Fluidtiy rise 


(Jibn 

Undyed 

Yellov' G 

cotton 

0 3 

0 7 

0 8 

1 4 

14 9 

4 5 

20 8 

4 8 

0 7 

0 9 

11 2 

7 7 



wliich are dangerous on long normal exposure, but do not tender by short 
exposure of the dyed cellulose in presence of alkali.'® 

Scholefield and Patel have studied the action of light on cellulose 
during the dyeing process. If light is allowed to act on cotton 
saturated with the leuco compounds of I'ertain yellow and orange vat 
(lyes, t(Midering occurs. With some dyes the action of light at such a 
stage is to cdiange the hue and in rare cast's to dc'strtjy the dyestufT com- 
|)letely. Tendering by the action of light during dyeing may be pre- 
vi'iited by the use of of sulfite celhdose waste litjuor or tannic acid 
m the dyebath."’ If sunlight is allowed to fall on cotton dyed with 
yc'llow or orange vat dyes and saturalt'd with a dilute alkaline solution 
of hydrog('n peroxide, the oxidizing action of the dy('-hydrogcn peroxide 
system may produce one or more of the following eff«’ct'<: (1 ) the material 
is tendered by oxycellulose formation; (2) the yellow or orange dyestuff 
is wholly or partly bleached; (3) the shade is altered; ^4) a second dye (e.g. 
Ciba Blue 2Bj present in admixture is wholly or partly bleached. Simi- 
lar ('ffects are obtaini'd by n'placing hydrogen peroxide by hypochlorite. 

Wh(‘n cotton dyed with certain ix'd, orange and yellow vat dyes is 
“chemicked'’ (treated with hypochlorite solution) in daylight, excessive 
tendering may occur. LanigaiP^ has developed a tt'chniiiue for observ- 
ing this phenomenon which yields spectacular results. When calico or 
viscose sheet impn'gnated with solutions of hypochlorite or hydrogen 
peroxide, or merely exposed to moist air, is irradiate»l with the full 

/. Soc. Dyers Colounsts 45 , 175 (1929). 

Bronr, Textile J. Australia 16 , LI2 (1940L 

Soo also Dorn'tt-Smiih and Noddor, ./. Textile Inst. 23 , T293 (1932) 

"M. Textile hist. 89 , T285 (1948). 
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mertMiry spectrum, and the irradiated samples are developed in a hot 
alkaline complex silver solution, metallic silver is deposited in location 
and amount determined by the formation of oxycellulose with reducing 
properties as a result of the photochemical oxidation of cellulose. With 
undyed cellulose, a “degradation spectrogram” is thus obtained in which 
the lines in the ultraviolet region of the mercury spectrum are developed; 
but using cellulose dyed with the active vat dyes, the “degradation 
spectrogram” shows the lines in the visible region of the spectrum. 
Maximum tendering is in the pTT range 7.0-7. 5, and there is also con- 
siderable tendering below pll 7.00. Comparatively little degradation 
takes place at pll 10 11, and this alkalinity must be maintained in 
bleaching colored fabrics containing the a(‘tive dyes. The very active 
dyes, such as Cibanone Yellow II, cannot be used at all with safety in 
materials which have to be subsequently blea(‘hed. (\)tton dyed an 
azoic yellow by means of Naphtol AS (1 and Red Salt AL (diazonium 
salt of a-aminoanthra(iuinone) accelerates the oxidizing action of hypo- 
chlorite; the anthra(iuinone component is apparently n^sponsihle for the 
tendering action, since other azoic yellows (e.g., Xai)htol AS (J in com- 
bination with diazotized dichloroaniline) are (juite inactive. 

While photochemical oxidation by air and by hypoc hlorite may be 
assumed to be closely related, the (puintitative behavior of individual 
vat dyes in the two oxidation processes is different, probably because^ the 
comparison is made under arbitrarily chosen sets of conditions.'''^ 'fhe 
very active dyes, such as Cibanone Yellow U, Anthn^^Ycllow (iC\ Indan- 
threne (Jolden Orange (I, Pyranthrone and Indanthrene Yellow FFRK, 
are active in both air and hypochlorite oxidations. Ondanone Red 2B 
(Indanthrene Riibine R), Caledon Red 20 (Indanthrene Red GO) and 
Caledon Yellow G (Flavanthrone) are practically inactive in photo- 
chemical air oxidation, but are very active in the photochemical hypo- 
chlorite oxidation. 

An observation of interest in connection with these accelerated oxida- 
tions of cellulose is the catalytic effect of hj’^drogen peroxide on the reac- 
tion between an easily oxidizable dye (e.g. Orange II) and sodium hypo- 
chlorite; the destruction of the dye by means of hypochlorite, which 
under specified conditions takes 15 minutes, is complete in a few seconds 
when a trace of hydrogen peroxide is added.''® 

The photodegradation of vat-dyed visco.se is suppressed, partly or 
completely according to the nature of the dye exposed, by drying acidi- 
fied formaldehyde into the yarn and heating at 100°; or by applying 
a thiourea-formaldehyde precondensate as for an anticrease treat- 

** ClibbcHH and liittlc, J. Texidf Inst. 37, T219 (1916). 

••Kauffmann, Ber. 66, 179 (19S2). 
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merit (impregnating, drying and curing at 130^ in presence of an acid 
catalyst);*^ or by aftertreaiment with a reaction product of formaldehyde 
and dicyandiamide or melamine.’*’* During such formaldehyde treat- 
ments, cross linkages between hydroxyl groups in neighboring cellulose 
chains are probably formed by the interventioji of methylene groups or 
more complex groups resulting from the (*ondensation of formaldehyde 
with urea and similar reagents/** The number of hydroxyl groups avail- 
able for oxidation is thus redm*cd. According to a patent claim, the 
resistance of vat-dyed cellulose fibers to the action of light is increased by 
treatment with a solution of lower oxidation salts of manganese, cobalt, 
lead or copper;*-*** Kgerton has shown that copper hydroxide and aluminum 
hydroxide reduce the photochemical degradation of cellulose in air at 
lOO^J H.H., but not in diy air and not in presence of the active vat dyes.**® 
Copper and other metals, which in minute amounts exert a large effect 
on the photochemical action of all (dasses of dyes, prevent the liberation 
of hydrogen peroxide by irradiation of dyed cotton in moist air.'*** Indan- 
threne Olive Oreen H improves the light fastness of Indanthrene Yellow 
(iF and suppresses the lowering of fiber strength by the yellow dye; other 
blue and gremi dyes hav(' some protective action, but none is so effective 
as Olive Oreen H/* 

Mechanism of the light-tendering activity of dyes. The photo- 
chemical degradation of c(dlulose in presen(*e of the active vat dyes is 
essentially a photosensitized process in the sense that energy is trans- 
ferred from the spot at which light is absorbed to another at which a 
chemical reaction takes place. Many reactions are known to be photo- 
sensitized by dyes. *** It has been suggested that the mechanism of the 
activity of the anthra(|uinonoid vat dyes involves the preliminary 
reduction of a (piinone to the leuco compound, the reoxidation of the 
leueo comjiound to the parent vat dye by air and tin' simultaneous forma- 
tion of hydrogen peroxide together possibly with a dyestuff peroxide.®^ 
'Fhe reduction of the anlliraciuinone nucleus to the anthrah^'drociuinone 
may be assumed to be accompanied by an ecpiivalent dehydrogenation 
of cellulose, so that some oxycellulose formation may take place at this 
stag(x Altliough there are examples of dye-sensitized photochemical 
reductions (e.g., the ehlorophyll-sensitized reduction of Methyl Red by 

Itonlton, XI International (\)ngres.sof Pure a lu I Applied C’hemi.stry, 1047 

(M)a, HP 582. TSP 2,4:r).r)0l. 

Cf. Meunier lunl (Juyot, Her. qfn. rollof 7, 5:t (1020); (^unoron ainl Morton, 
Soc, Dyvrs CoIouriMs 64, :120 (1048^. 

*** 10, DRP 7;i6,»82. 

’* Muller, MclUaiid Textilber. 28, :1S0 (1047). 

Scholefield and Turner, J. Textile Inst. 24, P130 (10H8). 
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phenylhydrazine),®® there has been no real evidence so far that the active 
vat dyes undergo a photorcduction to the leuco derivatives. Certain 
color changes observed when an active dye (e.g., Cibanone Orange U and 
Yellow R, Hydron Yellow (KS, and Anthra Yellow GC) on cotton is 
illuminated have been cited by Scholefield and Goodyear as indicating 
the formation of leuco compounds;®^ but the colors of the leuco acids of 
('‘ibanone Yellow R, Hydron Yellow CUl and Anthra Yellow GC are 
yellow or reddish yellow, and these minor color changes cannot be relied 
upon as proof of photoreduction. 

The cellulose substrate can be repla(*ed by other oxidizable sub- 
stances; when a suspension of an a<*tive vat dye in al(‘ohol is illurniiuiled. 
acetaldehyde is formed l^amford and Dewar have shown that the 
active vat dyes initiate the aiitoxidation of tetraliii and tlu* polymeriza- 
tion of styrene.®®'^" No correlation of cellulose tendering with styrene 
polymerization was noti(‘ed, and in Table V the dyes are airanged in 
order of activity in cellulose-tendering, which corresponds very roughly 
to the (piantum yields in the tetralin oxidation. The figures in column 2 
of Table V represent the* increase in fluidity (determined in a modified 
cuprammonium solution containing of cuprous chloride) when dyed 
viscose was exposed under glass to daylight (with some sunlight) for 
tw*o months. The tetralin oxidation apparently iiivolves a dire(‘l 
dehydrogenation by the excited dye; Ihirnford and Dewar sugg(‘st that 
in the ab.sence of moisture there is a similar direct attack ol the (‘(‘llulos(' 
substrate. In their view the primary step in the photochemical activity 
of a vat dye in the presence of oxygen and water is the oxidation of 
hydroxyl ion to hydroxyl radical by the excited dye molecule, and the 
low quantum yield is probably due to tin* reversibility of this process 
In earlier work by Weiss photosensitized reactions in solution have beini 
represented by mechanisms involving free* radicals and radical ions, the 
initial step being interaction between an electronically excited form ot 
the light-absorbing molecule an<l a suitable acc(»ptor rnolecuhx®^’ Th(‘ 
part that is probably played by semi(juinone ions in the photocluunic'al 
activity of anthracpiinone derivatives is discussed later. 

The formation of hydrogen peroxide in titratable ciuantities, when an 


” Ghosh and Sen Gupta, J. Imi. (^hem Sof. 11, O'.) (IDIil); se<‘ also Lmn</ston it nl , 
/. Phi/s. A. Collfiid Chem. 61, 775 0017), JACS 70, 1510 0048). 

In Ref. 72, the referonco of the authors to the coupling of the leuco compounds with 
diazonium salts is totally inexplicable. 

Sadasivan, quoted by Soliole/ield and Turner; see also Meyor and h>kcrt, AfnnaNt 
39, 240 (1918). Kekert, Ber. 68 , (1025), has shown that nnnierons .substances 

are oxidizable in the presence of anthraquinono, light and air 

Bamford and Dewar, Nature 168, 214 fl040). 
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TABLK V 

(liamfonl and Do war) 


Dtff' 

Caiodoii Dark Brown 2(1 
C'llwinoiio Jihiok 2B 
C'lhaiioiio Bluo USN 
(^^lo(loIl Pink liL 
(’ihaiiono Brilliant (Irooii BT 
C'alodon liluo It\ 

Pndyod cellulose 
Cihanono Navy Jiluo HA 
Paradoru* \ello\\ (1 
Paradono \ello\\ 3UT 
('alodon Jiuli* (ireon XN 
Caletloii Bluo (ICP 
Paradono Brilliant OianKo Hl\ 
(’alodon Dark Blue* MBA 
('jhanono Brown B(l 
Caledon Ja<lo (Iroon 2(1 
C’lbanono Ibown (IH 
Flavanthrone (pure) 

CihanoTK* \ lolet IH 
Cihanono ^’ello^\ .SH 
Paradono Biillnnt Oiaii^e (IH 
C'aledori Brilliant OiariKo OH 
Indanthrono Yellow IMPP 
(M)anono ()li\ e 2H 
Cihanono Yellow (1 
Caledon Orango HHT 
( ’alodon Yellow’ (IX 
Caledon Yellow' U1 
('ihanonc Orange 8H 
(’aledon Hod BN 
Cihanono Yellow (IN 
(^ihanone Yellow' IlHK 
Ciha Bluo 2B 
Cihanono OranRo 2HT 
(^aledon (lold OraiiRO 8(1 
('ihanone Brilliant ()ranR<* HK 
Cihanono Hod FBB 
Cihanono Red iB 
Cibanonc l^rilliant OraiiRo (IK 
Cibanonc OraiiRO 2H 
Cihanono (loldon OraiiRc* 2R 
Cibanonc Cloldon OraiiRo 8(1 


InrrvtiHt' tnfluiflitu 

Quantum 

yield 

AF (poisf''’') 

■n X 10^ 

1 . > 

0 001 

1 7 

0 00004 

1 H 

- 0 

2 0 

0 002 

2 1 

0 00001 

2 2 

-'O 

2 8 

— 

2 ) 

0 0004 

2 o 

0 01 

2 (i 

— 

2 0 

0 0002 

2 

^ 0 

2 0 

0 8 

8 1 

0 001 

8 2 

0 0007 

8 8 

0 0004 

8 8 

0 0002 

8 \ 

0 8 

8 7 

- 0 

8 7 

0 00 

8 M 

- 0 

1 0 

1 

1 1 

0 8 

1 8 

--0 

4 8 

0 08 

1 7) 

0 08 

1 h 

0 8 

1 7 

— 

1 7 

0 02 

\ 7 

0 2 

1 7 

0 08 

5 1 

— 

5 1 

-- 0 

.) 1 

0 008 

5 5 

— 

5 (i 

0 05 

T) 7 

0 1 

5 S 

0 007 

5 11 

0 8 

6 1 

0 8 

() 8 

0 2 

() 1 

0 0004 
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TABLE V (fimUfOted) 

FIBBRS 


Increase in fluidity 

Quantum 

yield 

Dye 


V X 

Cihanone Red BN 

6 5 

0 002 

Caledon Gold Orange G 

6 G 

0 02 

Cibanone Orange liR 

6 8 

0 2 

Cibanone Brilliant Oieen IG 

G 9 

0 

Cibanone Red G 

7 1 

— 

Anthanthrono 

7 2 

1 

Cibanoii Golden bellow UK 

7 d 

0 9 

Cibanont* Yellow OK 

7 t 

0 OG 

Cibanone Golden Orange G\ 

7 7 

0 1 

Cibanone R*'d 2B 

S 1 

0 01 

C'lbanono Golden Orange G 

8 1 

— 

Cibanone Otange Git 

8 2 

0 ^ 

Paradone \ello\v 5(»K 

8 G 

0 2 

Paradoiie Golden bellow GK 

8 (> 

0 7 

C'lbiinone Vellow 5(iK 

9 4 

0 001 

Cibanone* Orange R 

9 7 

1 0 

IndanthreiK \ello\v 10 HR 

10 1 

0 07 

Pvrinthnine (pure) 

10 8 

0 02 


(Menuiv are 

exposuM } 

Paradone ellow GC\ 

11 () 

i 

Paradone Yellow (}(' 

M G 

8 

Cibanone Golden Vejlow GK 

Id 8 

0 1 

Caledon Yellow 5G 


10 

Caledon Goleb'n YVllow GK 

14 d 

0 5 

CYlianone Yellow dG 

11 7 

0 Oi 

C'lbanone Yellow 2 (tR 

H 8, 17 7 

5 

Ciba Yellow G 

18 9 

0 01 

Cibanone Y'ellow R 

2G 

0 7 


anthrafluinono suspension in water or a dyeing oi an active vat dye is 
submitted to the action ot light in the preseine of moisture and oxygen 
has been conclusively detei mined When samples of an iindyed 

fabnc and a fabric dyed with an active vat dye aie exposed at a distance 
from each other, increased tendering ot the undyed mateiial has been 
observed at distances of up to 8 mm ; a volatile agent, which may be 
hydrogen peroxide or activated oxygen, must be responsible for the 
effect **** 

Reactions in which the oxidation of a readily Qxidizable substance 
by air or other oxidizing agent brings about a simultaneous oxidation of a 


Hill, Chemistry <fe Irulustty 46 , 6^)1 (1*)47) 
•• Egerton, Textile R(h J 18 , 659 (1948) 
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second substance are well known.** The formation of hydrogen peroxide 
when leuco indigo undergoc^s oxidation in air, especially in presence of 
alkali, was noticed by Schdnbein in 1860. Manchot’s observation, 
also made many years ago, that hydrogen peroxide is formed when 
aiithrahydroquinone absorbs oxygen has led to a technical process for the 
production of hydrogen peroxide using 2-<'tliylanthraquinone Azo- 
benzene, p-dimethylaminouzolH‘nzcne and ainino-substitutcd hydrazo 
compounds have also been siiggeMed for the same purpose In the 
ivaetion between ferrous salts and hydrogen peroxide, free hydroxyl 
ratlicals (IlO*) are produced and they are capable of oxidizing organic 
compounds of many types. Ihese aie examples of autoxidatiou in 
which photosensitization is not involved. I'sing a techniipie in which 
th(‘ (lyes are adsorbed on separate particles of siliiai gel, it has lieen shown 
that oxygen becomes activated to a metastable condition and passes to 
leuco Malachite (JnsMi, when the oxidation is photosensitized by I'rypa- 
flaviiie."’® The blea<*hing of fluorescein dyes by light is proliably a 
process of oxidation by hydrogen peroxitle, the formation of the latter 
r(‘(|uiring an activation of the dye molecule by light. 1(1 re.seareh has 
established that the fading of d 3 ’es on cellulose acetate delustered by 
titanium oxide is due to peroxide formation Zinc oxide, which is a 
powerful a(*celerator for the pliotochcunical oxidation of cellulose, pro- 
du(*(‘s hydrogen peroxide wdien it is irradiated in presence of winter and 

The action of hypochlorite on cellulose in presence of reduced vat 
dyes. The accelerated photochemical oxidation ot celluli^se in presence 
of reduced vat djTs is paralleled by the action of chemical oxidizing 
agents such as hypochlorite.*”'’ In the presence of the leuco derivatives 
®Hf(‘bhar(lt, J. Soc. Dyers Colourists 29, 210 (1018), .sop aNo Annual liipts Chem 
Soc. London 22, 117 (1025) 
y. prrtA:/ Chevi 81,16 (1860). 

'"i Manchot and Herzog, Ann 394, 120 (1001), ibid 396, 818 (1001) 

K;, bp 465,070, CIOS Item No 22, File No \I.\-1 
Mathieson Alkali Work**, BP 461,580 

Haber and Wei^, Proc Hoy Soc Londtm 147A, 8.12 (1081), Mer/ aiul Waters, 
JCS SI 5 (1949). 

Kaiitsky ft nl , B<r 66, 1588 (1088), hee also ibid 64, 20.58, 2677 (1081 ), 66, 401 
(1932): Tians Faraday Soc. 36, 216 (10.80) 

Blum ami Spealmann, J Phys Chem 37, 1128 (10.18), ('hakra\arti ami Dhar, 
X anorg allqem Chem 142, 200 (1925), see also Gaffron 1Ui 60, 755, 2220 
(1027) 

BIOS 987. 

Baiir and Nemveiler, Heh. Chnn Acta 10, 001 (1027), Ghnri and Qiireshi, J. 
Indian Chem. Soc. 21, 07 (1944). 

Nubar, Seholefield, and Turner, J. Soc Diprs Colourists 61, 5 (1085), 63, 5 (1087); 
Mehta and Turner, ibid 63, 15 (1047) 
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of certain vat dyes, the oxidation of cellulose is greatly accelerated; 
similar eifects of other reducing agents (e.g. oxalic acid)"” in accelerating 
the action of oxidizing agents on cellulose have also been noticed. Schole- 
field, Nabar and their collaborators have made extensive studies of the 
phenomenon, and have observed interesting relationships between vari- 
ous factors. The extent of th<‘ accelerated oxidation is related to the 
potential of the oxidizing agent.*”” The increase in (*opper number and 
carboxyl content by the accelerate<l oxidation of cellulose is directly 
proportional to the oxygen consumption. Hypochlorite oxidation at 
pii 7.55 increases with increase in concentration of the active dye, and 
at each concentration the ratio between the (*()pp(*r number and the 
number of carboxyl groups is a constant, which is independent of the pll 
of the hypochlorite and the concentration of the accelerator. Hypo- 
chlorite oxidation of cotton dyed with ('aledon Yellow (i and Indanthrene 
Yellow FFRK, which are not alteretl by the hypochlorite, results in a 
constant ratio of 1.25 between copper number and carboxyl groups. 
When Indanthrene Blue R or C'iba Blue 2B. which are altered by the 
hypochlorite, are used, this ratio is halved, indicating that a dilTerent 
oxidation reaction occurs."* 

It is necessary to emphasize that these relationships do not hold for 
unaccelerated oxidations of cellulose w'hich are much mon' complicated 
and variable in the nature and degree of the modifications, 'riie differ- 
ence between the o.xidation potential of the oxidizing agent and the 
reduction potential of the vat dye may be the determining factor in the 
acceleration of the oxidation.*”” Joshi and Nabar*" have measured 
reduction potentials of Cibanonc Orange R at various pH values, and 
have found that the curve relating pH to oxygen uptake'”” clo.sely 
resembles the curve showing the relation betweem the pH and the differ- 
ence between the oxidation potentials of hypoeidorite solutions and th(‘ 
reduction potentials of Cibanonc Orange R. A few’ other dyes examined 
show similar behavior. 

An important fact to be borne in mind is that (he oxidation of cellu- 
lose, when a leuco vat dye on the fiber is treated with an oxidizing agent, 
is distinct from the photochemical oxidation and is to somi* extent 
independent of the (*olor of the dye. Thus, when a reduced dyeing at 
pH 7 is submitted to air oxidation in the dark, Clba Blue 2B product^^ 
more degradatiop of the cellulose than Indanthreiif' Yellow’ FFBK.*" 
Examining a series of 55 vat dyes (aiithraquinoiuad as well as Ihioindi- 

ClibbenH aa<i Kidgc, Textile Inst. 18, T155 (1927 k 

Joshi and Nabar, Suture 169, 71 1 (1947); Mluitn*, Nabar, and Vyas, Pi or. hid ion 

Acad. Sci. 31A, 231 (1950). 

u* Brear and Turner, ./. Sor Dyers Colourists 61, 273 (1915), 
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jroi(l) for their elTecl. on tlio raie of oxidation of cellulose hy hypochlorite 
solutions at various pll values and in the presence and absence of light, 
Clibbens and Little"'*^ found no relationship between chemical constitu- 
tion and activity in promoting oxidation. The critical factor is the pH 
of the hypochlorite or other oxidising agent, and at the optimum pH 
blue and green vat dyes can promote the tendering of cellulose when the 
reduced dyeings are submitted to oxidation in the dark. The accelera- 
tion of the oxidizing action of the hypochlorite is pronounced only 
under acid conditions, which are not likely to arise in normal technical 
processes.**^ Even air oxidations of reduced dyc'ings f)f photochemically 
inactive dyes can result in tendering of the cellulose.'*^ If a vat dye on 
cotton is repeatedly reduced and reoxidized, there is an increase in 
fluidity \^ith each cycle for nearly every vat dye, but the greatest rise in 
fluidity results from the light-tendering dyes and the increase in fluidity 
with nontendenng dyes (e.g., Ciba Blue 21i, ('aledon Blue U, Caledon 
Jade (Ireen X) is small. When the leiico compound f)f anthraijuinone 
or an anthraciuinone vat dye is reoxidized by air or sodium hypochlorite 
()n(‘ mole of hydrogen peroxide is formed for each reduced quinone group 
undergoing oxidation, but this f|uantitative relationship is indepemdent 
of the light-tendering activity of the dye.**'* Ferrous hydroxide, depos- 
ited on the fiber, causes a marked acceleration of the oxidation of cellulose 
by hypochlorite, the magnitude of the acceleration being of the same 
order as that produced by leuco derivatives of the most active vat dyes.**”* 
While the work of Xabar, Scholefndd and Turner has thrown much light 
on a complex and exceedingly important problem, there are many aspects 
of the behavior of vat dyes and their leuco compounds as oxygen carriers 
in cellulose oxidations whi(‘h are yet unsolved. 

ChKMKAL CoXSTITlTIOX OF THK A(TIVi: A AT DyES 

Anthracluinone and its simple derivatives have a small but definite 
cfTect on the photochemical oxidation of cellulose; methyl and halogen 
substituents, particularly in the 2-position, increase^ th(» activity.®'* A 
factor which accentuates the effect with the anthraciuinonoul vat dyes is 
the affinity of the leuco compounds for cellulose and the intimacy of the 
cellulose-dye union, enabling the carrier action of the dye to be exercised 
more effectively. Whatever may be the mechanism of the action of 
light on a cellulose-dye system, the orientation and packing of the dye 
molecules in the fiber must therefore affect the process. It follows that 
the factors influencing the affinity of a dye for cellulose, such as the shape 

Atherton and Turner, J. Soc. Dyers Colourists 62, 108 (1046). 

and Turner, J. Soc Dyers Colourists 61, 2oS (1015); see also Turner, ibid. 

61, 255 (1015). 



1244 


THE \CTION OF LIGHT ON DYEB AND DYED FIBERS 


and size of the dye molecules, and the nature, number and distribution 
of groups capable of hydrogon-bond formation with the hydroxyl groups 
of cellulose, must be involved in the photochemical action. Such factors 
account in part for the differences noticed by Landolt (Table II I) in the 
photochemical activity of 1,5-bis-aroylamidoanthraqui nones (e.g., the 
0 - and p-chlorobenzoyl derivatives). 

Pronounced light-tendering activity is found in certain chemical 
types among the anthraquinone vat dyes, such as the benzamidoanthra- 
(luinones, anthrimides and carbazoles; but all the dyes of each class are 
not active. It is mainly the yellows and oranges which are active, so far 
as the acceleration of the photochemical oxidation of cellulose, as distinct 
from the purely chemical oxidations, is concerned. Further, the yellow 
dyes of a given chemical type are more active than the orange dyes, and 
in general, a bathochromic shift in the absorption spectrum in the visible 
region results in a reduction of the light-tendering activity. 

Most of the yellow and orange benzamidoanthraquinones are active, 
and examples are Algol Yellow \V(1 (l-henzamidoanthracininone), 
Indanthrene Yellow (JK (1 ,5-bisbenzamidoanthraqinnone), Paradone 
Yellow oGK (I), and Indanthrene Yellow oGK which is the isomer of (I) 
from isophthalic acid. /^-Aminoanthraciuinone derivatives appear to 
be more active than the a-isomers: bis-/3-anthra<iuinonyliirea (Algol 
Yellow 4GK; Helindone Yellow 3CiX), no longer used as a dye, was the 
most powerful tenderer among the series of dyes examined by Landolt 
A notable exception is Galedon Yellow Kr (II), wlndi is iinu tive,^® but 



its light fastness (4 3) is not sufficiently high for use on casement fabrics. 
Since (II) is deriv>^ed from (I) by the introduction of two benzamido 
groups and both are yellow dyes, we have a clear demonstration of the 
fact that the benzamido group per sc is not responsible for the activity ol 
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the benzamidoanthraquinones. At first sight, the inactivity of (II) 
may be ascribed to the chelation of all the carbonyl groups with neighbor- 
ing NH groups by hydrogen bonding; but this would also be true of 
Caledon Yellow 3G (1,5-bisbenzamidoanthraquinone), which is classified 
among the active dyes. When the terephthaloyl group in Caledon 
Yellow 4fJ is replaced by an oxalyl group, as in Indanthrene Yellow 
8(1F, tendering activity to a moderate extent is restored; Fox^*® classifies 
Indanthrene Yellow 3(iF among inactive dyes. Conflicting statements 
have been made regarding the behavior of the orange and red benzamido- 
anthraquinones. According to 1‘^gerton (Table I;, 1,4-bisbenzamido- 
anthraquinone (Indanthrene Red 5C1K) and 1,4,5-tnsbenzamidoanthra- 
(|uinone (('aledon Red XoRj have little or no activity, while 1,2.4-tris- 
benzamidoanthraijiiinone (Indanthrene Orange RRK) is definitely active, 
being somewhat more potent as a tenderer than 1-benzamidoanthra- 
(luinone. Landolt classifies both Indanthrene Red 5(iK and Indanthrene 
Orange RRK among the active dyes, but the former is stated to be much 
more active. Fox has stated that Indanthrene Orange GG (the con- 
densation product of isophthahe acid uith one mole each of l-amino-4- 
benzamidoanthraciuinone and l-amino-5-benzamidoanthra(iuinone) is 
not merely inactive, but exercises a protective action on cellulose.’’® 
'rhe introduction of a hyilroxyl group in the anthraciuinone nucleus 
deepens the color and diminishes the photochemical activity. An 
example is J ,5-bisbenzamido-tS-hydro\yanthraquin()ne (Algol Red R 
and FF) ^vhich is considerably loss active than Indanthrene Yellow GK: 
NNhen a second hydroxyl group is introduced, the dye (Indanthrene 
Violet RBK) has very little activity 

l,2'-l)ianlhrimide (Indanthrene Orange fiRTK) is as active as 
pyranthrone according to Landolt, and inactive at cording to Kgerton. 
Indanthrene Yellow FFRK, the carbazole prepared by the (welization 
of l.l'-dianthrimide, is a powerful tenderer; but when tw’o benzamido 
groups are introduced in the 5,.)'-positions, the dye (Indanthrene Golden 
Orange 3G) is practically inactive; when the benzamido groups are in the 
l,o'-positions the dye (Indanthrene Browui R or FVW) is a nontenderer 
and has protective action.”® Landolt^® records considerable activity 
for Indanthrene (lolden Orange 3Cf by the ‘‘blue test.” The influence 
of color on tendering activity is shown by the two isomeric dicarbazoles, 
Indanthrene Yellow^ 3RT and Indanthrene Brown BR: the former is as 
active as Algol Yellow^ WG while the brown dye is not merely nontender- 
ing, but appears to have a slight protective action on cellulose exposed 
to light. Gotton dyed w’ith another carbazole derivative. Indanthrene 
Khaki GG, is likewise less degraded by the action of light than undyed 
cotton. 
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There are no tenderers among the acridones; dyes such as Indaiithreiie 
Orange F3R, Indanthrene Red BN (or RK), Indanthrene Brilliant Pink 
BBL and Indanthrene Turquoise Blue are completely huiocuous; but 
before concluding that the a<*ridone ring system as such renders an 
anthra(iuinone vat dye inactive, more orange dyes will have to be 
examined, and it must also be remembered that tluTe are no yellow dyes 
containing the unthraciuinone-acridone ring system. According to Fox, 
Indanthrene Orange RR (the condensation product of anthraciuinone- 
acridone-10-carbo\ylic acid and l-amino-3-benzainidoanthra(iuinone) is 
highly protective. 

Pyranthione (Indanthrene (lolden Orange (i) and its dibromo and 
tribromo derivatives (Indanthrene and (Wedon Orange 2RT, Indan- 
threne and Caledon Orange 4R) have marked light -tendering activity, 
but the bromo compounds are less active. Landolt classilies dichloro- 
anthanthrone (Indanthrene Brilliant Orange OK) as a safe dye; Kgerton 
finds that it is somewhat more active than Algol Yellow WO, but that 
the dibromo compound (Indanthrene Brilliant Orange HK) is less acti\e 
and comparable to Indanthrene Oolden Orange 30. In his more recent 
work (Table III) Landolt records the acti\ilies in terms of the blue 
test percentages as I 3, 7, and 6 3 tor**anthanthrone and its dichloK^ 
and dibromo derivatives Indanthrene Oohlen Yellow (!K and RK 
which are dihenzopyrene<iuinones are active dyes; as in other types, tlu* 
dichloro compound (OK) is more active than the dibromo compound 
(RK) and is among the mo.st powerful tend(»rers;^he parenl dibenzo- 
pyrenequinone is more active than its halogen derivatives. 

The sulfurized afithraquinonoid vat dyes, Oibanone Yellow R and 
Orange R, Indanthrene Yellow OF and Anthra Yellow OC', are extremely 
active dyes; and Oibanone Yellow' R, which is probably the most active 
tenderer known, is usually the dye of choice for invexsti gating the influence 
of various factors on the photochemical oxidation of cellulose in presenci* 
of dyes Indanthrene Yellow OF and Anthra Yellow 0(^ are thiazolc 
derivatives. The essential constituent of ('ibanone Yellow R is derived 
from /3-methylanthraquinone and probably has a structure in which 
there is no sulfur-containing ring system Another powerful tenderer, 
obsolete as a dye, is Anthraflavone (sym. bis-/3-anthra(iuinonylothylench 
which has poor fastness to light; but the green shades produced by 
mixture of Antlyi’aflavone and Indanthrene Blue have good light fastness 
and they do not accelerate the photochemical degradation of cellulose 

The imides of perylenetetracarboxylic acid (e.g., Indanthrene Red 
(iG and Indanthrene Scarlet R) and the imidazolea derived from naph- 
thalcnetetraearboxylie acid (Indanthrene Scarlet GG and Indanthrene 
Brilliant Orange GR) are inactive. 
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Flavanthroue (Indanihrenc Yellow O) has long been known to be a 
safe dye from the point of view of light-tendering; but unfortunately, 
as so frecpiently happens because of the different stru(*tural refiuirements 
for various fastness properties, it has poor fastness to alkali. Yellow 
vat dyes which have no light -tendering activity and are otherwise sati.s- 
factory Iuut therefore been sought for. As the result of a study of the 
.structural featun^s of the known tendering dyes, Kunz concluded that 
the tendering activity is related lo the chemical constitution of the dye, 
e.specially the 1,1-quinone group; he then instituted a .systematic search 
for different types which are inactive, and made the important dis(‘overy 
that vat dyes pos.s<\shing basic cliaractin* because of the presence of 
pyridine or pyrimidine rings are nontendering. Thus anthanthrone, 





2,3,7,8-dibenzopyrene-l ,0-ciuiuone, «//u-/n,s-naphthodiaiithrone and pyr- 
anthrone, which are all powerful tenderers, become completely innocuous 
by the fusion of one or more pyridine rings; examples are (111), (IV), 
(V), and (VI). Other effects of the intro<Iuction of pyridine and pyrimi- 
dine rings are increased solubility, affinity and levelling power, and 
decreased stability to alkaline treatnicnts. Vat dyes from ceramidonine 
(Vll) are inactive, but have no practical value because of their low fast- 
ness to light, showing that fastness to light aiul nontendering character 

(tngew. Chem. 62 , 261 ) (ItriU) 
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do not necessarily go together. Kunz has found, however, that the 
superior light fastness of flavanlhrone (or diazapyranthroiie) in compari- 
son with its carbocyclic analog, pyranthrone, is to be ascribed to the 
nitrogen atoms in the ring system, and that this is true in general oi 
dyes derived from the azabenzanthrones, pyridinodiberizopyreiieciui- 
nones, and other groups of dyes which have better light fastness than 
similar, completely carbocyclic compounds. If the NH groups in 
indanthrone or in the anthraciuinoueacridones are replaced by sulfur or 
oxygen, the fastne.ss to light is adversely affected. The pyridnu*, 
pyrimidine or other nitrogen-containing ring need not be part of the fused 
ring system to produce nontendcring dyes; a nitrogen heterocycle intro- 
duced as an external group is adecpiate, and a(‘vl«amidoanthra(iuinone>. 
in which the acid half is derived from pyridine, (luinoline, acridine and 
acridone are nontendcring. On the other hand, yellow and orange dyc'- 
containing the triazine ring, which are prepared by the condensation of 
aminoanthraquinones with cyanuric chloride, are active as catalysts foi 
the action of light on cellulose.^'® Cibanone Orange tiH (cyanurated 
l-amino-4-metho\yanthra(iuinone) is more aedive than Algol Yellow WO 
There are also other examples in conflict with the Kunz hypothesis, such 
as Algol Yellow^ OC and Indanthrene Yellow' OF, which are thiazole 
derivatives and are tenderers. 

Following the investigations of Kunz, Ki liave made two valuable 
additions to their vat dye range; Indanthrene Yellow 4CJK and 70K me 
pyrimidanthrones which have very good fastness to light ((> 7) and are 
free from the tendering defect. Strong absorption**!!! the region 3()00 
4000A has been considered to be concerned in the photochemical activity 
of yellow’ and orange vat dyes, and it has been shown that the safe d\e 
Indanthrene Brilliant Orange OK has negligible absorption at 
4000A.®2 However, l-benzamidoanthraciuinone (Algol A^ellow WO), mi 
active dye, as w^ell as Indanthrene Yellow iOK and Indanthrene Yellow 
70 K have similar absorption curves (Fig. 1); the pyrimidanthrones have 
considerably higher intensity of absorption in the region 4200-I500A 

From a study of the available data and the relevant theoretical con- 
siderations, the activity of a dye in accelerating the photochemical oxida- 
tion of cellulose would appear to depend on a combination of several 
factors of which the color is only one. Shaffer**** has drawui attention to 
the rapidity of oxidations and reductions involving oiic-electroii changes, 
in contrast to the .slow ionic reactions involving simultaneous two-electron 
changes such as (T1+ T1+++) or (K 21"). He regards the catalytic 

Blinov, TfksUl. Prom.^b^ No. 11-12, 47 (19t5) 

Sunthankar and Vonkataraman, Proc Indian Aiad. iSn 82A, 240 (1950). 
^^^J.Phyn. Chpm 40, 1021 (U.^O). 



CHEMICAL CONSTITUTION OF THE ACTIVE VAT DYES 


1249 


activity of quinoiics as being due to their ability to accept electrons 
singly, and he has indicated the relation of this property of reversible 
organic oxidation-reduction systems to the reduction of oxygen to 
hydrogen peroxide in biological oxidations. Semicjuinone formation is 
probably also significant in the photocliemical degradation of cellulose 
in presence of anthraipiinone derivatives, moisture* and alkali having a 
marked effect on the action. Michaelis and Smythe have postulated 
as a general principle that “the inertia c)f organic compounds triwards 



Wavelength 


I. Absorption .spectra of (I) IiulantlireiK* Yellow 4C1K: (11 j Iiidantlirene 
Yellow 7(iK; and (111) «-IV*nzaniidoantliraquinoue (in eellosuhe). 

oxidizing agents is due to the fact that the oxidation can proceed at a 
measurable speed only in two succes.si\i* univalent steps and con.sec|uently 
only if the intermediate free radical can be formed.^*’*^ Thus oxidations 
are rapid if there is resonance-stabilization of the semi(|uinoiio radicals. 
Appleton and (leake have obtained from the redox titrations of vat dye 
systems ovideiiee of the formation of the intermediate semiipiinoncs in 
si'veral instances.^-" \"isual evidence was especially striking in the case 
of IndanthrcMie (lolden Yellow (IK (2,3,7,8-dibenzopyrene-l,(»“quiHono), 
^\hich gives a clear re<l vat of the dihydro compound and a blue semi- 
uuiiione. It is suggested that the redox potential of the (piinone, which 
is known to l)e a measure of its oxidizing power, and the stability of the 
anionic semi(}uinoiie are both concerned in the a<*celcrati(m of the photo- 
chemical oxidation of cellulose by certain anthraciuinonoid vat dyes, 

-bin. R(^. Hiochcm. 7, 6 (1938). 

Trans. Faraday Hoc. 37, 45 (lOM); see (liaptor XX\ for further reforenrea to 
Hcmiquiiiono formation in the anthraquinonc vat dyea. 
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together with their light absorption ehararteristic^s which determine the 
(luaiita of energy available.’*" 

The semiquinone anion from anthra(|uinone is stable because of the 
equivalence of the two structures (A) and (H). Yellow dyes such as 



IndanthreiU' Yellow FFRK and Ant hraflavone are very active, and foui 
equivalent stru<*tures can be written for the semiquinone ion of the 
dihydro compound. 

The stability of the semiquinone ion of a pyrimidanthrone must be 
relatively small, since the structures (VIII) and (IX) are not e(|uivalc»n1, 
and the pyrimidanthrone deriv'atives, Indanthrene Yellow KIK and 



70K, are therefore comparatively inert in catalyzing the photochemical 
oxidation of cellulose. The difference between flavanthrone and p>r- 
anthronc, the latter being much more active as a lentlerer, may be 
attributed to a similar reason The anions of the normal leuco (oi 



dihydro) derivatives of flavanthrone and pyranthroac are constituted as 
(X) and (XI), *20 so that an oxygen atom and a nitrogen atom in flavaii- 
throne, in contrast to two oxygen atoms in pyranthrone, are involved in 
the reduction process. Thus the semiquinone ion of pyranthrone i"* 
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stabilized by resonance between equivalent structures in which the odd 
(‘lectron is on one or other of the two oxygen atoms, while the two struc- 
tures contributing to the resonance of the semiquinone ion in the case of 
Havant hrone are not equivalent since in one the odd electron is on an 
oxygen atom and in the other on a nitrogen atom. Although (jualitative 
evidence of semiejuinone formation during the oxidation of the normal 
leuco compound has been obtained in both cases/^® it is very probable 
that the stmiciuinone ion of pyran throne has con.si<lerabIy greater 
stability. 

By carrying out a potentionietric titration in which potassium ferri- 
evanide solution is added to a bufTered solution containing cotton dyed 
with a vat dye, subsec luently reduced on the fiber V)y means of a slight 
excess of hydrosulfite, the redox potential of the system at a desired pTI 
can be determined,*-^ although there are obvious (*\perimental difficulties. 
From the data obtained for the redox potentials as the reduced dyeing is 
progressively oxidized, each dye <‘an be assigned a characteristic potential 
(/?,), which has been determined for a number of vat dyes. An indica- 
tion of the light-lendering activity is obtained when A’, is determined 
with the system in the dark and under illumination; with inactive dyes 
there is little or no change* while there is a significant change with active 
(lyes. The more active the dye, the larger is the change in E,. By 
determining the change in at a higher pll (e.g. 12.(>), the activity of 
the dye on cotton in pr(‘sence of alkali can also be forecast.'-* The 
experimental procedure, however, is apparently not easy to dupli(*ate. 
sinccj Turner’** has stated that ITadfield obtains the same characteristic 
potential in the dark and under illumination. 

By studying the absorption spectra of substances such as tetra- 
phenylhydrazine, oxazine, thiazine and the leuco derivative of Methylene 
Blue in a ** rigid” solvent (e.g., a mi.xture of ether, isopentane and alcohol 
at about 9()®K), Lewis*-- has found that a molecule may be dissociated 
by light into two radicals, into positive and negative ions, and into a 
l)ositive ion and an electron. Thus the ejection of an ele<*tron by a 
molecule of triphenylaniine results in the formation of a free-radical ion 
(PhaX f- lij'— ♦ IMi.iX'* -t ().*-- In some ('ases the last type of dissocia- 
tion or photooxidation gives semuiuinoims identi(‘al with those obtained 
i).V Michaelis by chemical oxidation. The action of light on a solution 
of a fluorescent dye and a reducing agent can result in the dye being 
bleached or in the reversible or irreversible oxidation of the reducing 
agent. Klectron transfer mechanisins hav(‘ been suggested to explain 

*“* VValy. Preston, Scholc6elcI, and Turner, J, Nor. Diitrs Colourists 61, 245 (1945). 
'“M.ewis and Lipkin, JACS 64, 2S01 (1012); Lewis aiul Bigoleisen, ibid. 66, 2124, 
2426 (1943). 
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the primary chemical reactions.'*® The photochemical activity of cer- 
tain (trades of zinc oxide has boon correlated with the fact that they shou 
no fluorescence in visible light at room temperature when irradiated 
with ultraviolet light; and it has been suggested that the high-energy 
portion of the solar radiation is utilized as photochemical energy, while 
it is dissipated as lower-energy radiation in the grades of zinc oxide which 
show a strong yellow fluorescence.*'* In view of the complex relation- 
ships between fluorescence and photosensitizatmn,*^® it will be of interest 
to study the fluorescence of the acdive \ai dyes in prc'sence of cellulose 
The foregoing review ^^ill indicate that with the limited data available* 
it is not possible to trace a relationship between the chemical constitution 
of the anthraquinonoid vat dyes and their activity as catalysts for the 
photochemical degradation of cellulose, or to arrive at a final conclusion 
about the mechanism of the reaidions. There is need for the acciimnln- 
tion of further data on the activity of an i^xtensive senes of chemically 
pure dyes of known constitution, and on other propeities of the dyes, 
such as the absorption spectra, fluorescence radnition, redox potentials, 
and semiqumone formation. 

*** Weiss, Trans Faindaif Sac 42 , 133 K\ans, ibid 101 

*** Winter, Wiiure 163, 320 (1010) 

*** Franck and TjiMngston, J Chnn Phi/s 9, 184 (1011) 
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CHEMICAL CONSTITUTION OF DYES IN RELATION TO 
SUBSTANTIVITY 

The tendency of a textile liher to absorb a dye from a(|ii(^oiis solution 
and to retain it is the basis of noiinal dyeing processes.’- The nature 
of the phenomenon of dye absorption or the “substantivity ” of dyes is 
of theoretical interest and technical importance, but it has not receiv^ed 
the attention it deserves. The need is for much wider experimental 
investigation and for the accumulation of an adecjuate volume of accu- 
rat(‘ data on the absorption of dyes of various tyoes by the natural and 
synthetic fibers. The chemi(*al constitution and fine structure of the 
Hber, the chemical constitution of tlic dye and the structure of the 
iKlueou^ ’bit ion, and the infliumce of added substances and of the condi- 
tions of the dyeing treatment have all to be taken into account in study- 
ing the mechanism of dyeing. In view of the physical and chemical 
ditTcrences between the dilTerent filx^rs (such as cotton, viscose, cellulose 
acetate, wool and nylon), and the wide variations in the constitution and 
properties of the numerous dyestuffs which are now available, it is clear 
that no single theory of dyeing can cover all dyeing processes. A full 
discussion of the subject, especially of physico-chemical asf>ects,’- is 
outside the scope of this book, and the present review is mainly concerned 
with the structural features of dye molecules which appear lo be asso- 
ciated with substantivity for cotton- and wool as o presenting the two 
major types of cellulose and protein fibers. 

Substantivity is not an absolute property and it is difficult to define 
quantitatively. There is no sharp demarcation between substantive 
and unsubstantive dyes. Huggii-* adopted a method by which, employ- 
ing arbitrary standards, the substantivity may be stated numerically. 

’ For a rocerit account of the theory of dyeinp;, .see Valko, Physical (^liemistry of 
Dyeing in Alexaniler’s (\)lloid (’heiiiistry. Vol. VT, Heinhold, New York, 1946. 
‘■‘See also Vickerstaff, The Physical C'hemistry of Dyeing, Oliver anil Boyd, Ixuidon, 
1950. 

‘‘See also Meggy, Developnieiit.s in the the»c.v of ilyeing, ./. Soc. Dyers Colon rt sts 
510 (1950). 

Venkatarainan, Presidential Address, ('heiiiistry Section, Indian Science Con- 
gress, 1945. 

Soc. Dyers Colourists Jubilee Vol. 77 (193 1). 
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The absorption is first measured under standard conditions, and then 
the desorption or “stripping** as the (piantity of dye removed by a 
standard washing treatment. The substantivity is stated as absorption 
minus stripping, both expressed as percentages of the initial (luantity of 
dye ill the dyebath. The Ruggli procedure is arbitrary and unsuitahh^ 
for any attempt a1 a fundamental interpretation, since dyeing is a 
reversible process and desorption by a washing treatment introduces an 
additional and irrelevant complication. The reversibility of the dyeing 
process has been proved in several ways, and the migration of a dye from 
the heavier dyed parts of a fibrous material to the lighter dyed parts 
results ultimately in uniform dyeing; the migrating power of a dye is 
therefore an important property and its assessment is one of the tests 
to which dye's are usually submitted. For a comparison of the substan- 
tivitics of a series of dyes, the re(iuirement is to measure the absorption 
under well-defined and carefully controlled conditions,* and to represent 
the results as adsorption isotherms; substantivity can then b(' estiinnted 
in terms of a thermodynamic treatment of the dyeing eiiuilibria. The 
affinity or substantivity of a dye can be defined as the free energy change 
when a dye is absorbed by a fiber under ef|uilibnum conditions; “affin- 
ity** or “substantivity** is also used loosely for practical purposes as 
indicating the (piantity of dye absorbed under practical conditions ot 
dyeing when eiiuilibrium may not have been attained. Physico-chemical 
studies of dyeing also include measurements of the rate of dyeing, whit li 
is dependent on the activation energy of the jirocess 

It is important to work with specimens of dyejTof analytical purity, 
because little attention was paid until 1930 to this obvious need, the 
earlier investigations lose much of their significance ('ommercial direct 
cotton dyes vary from 20 to 70% in their dyi* content; higher purity is 
unusual, but concentrations even lower than 20^'; may be encountered 
The common diluents, present in the dye when it is manufactured or 
added for standardization and for improving the solubility, are sodium 
chloride, sulfate and carbonate. In view of the sensitivity of colloidal 
systems to impurities, especially electrolytes, it is necessary that the 
dye should be freed completely from these inorganic salts and also from 
organic intermediates and by-products.'^ 

Ionization in aciucous solution is a characteristic of dyes wliich ha\c 
affinity for cotton, wool and silk. In direct cotton dyes and acid dyc*^, 
which are usually sodium salts of sulfonic acids, the color is in the anion. 
The Icuco derivatives of vat dyes in alkaline solution, sulfur dyc‘s i^i 
sodium sulfide solution, and the alkaline solutions of the phenolic or 

* Neale, J. Colloid ScL 1, ;171 (1946). 

‘ For methods, see Oiaptcrs XI and XLII. 
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enolic components used for azoic dyeing, are all ionized. Basic dyes are 
‘^oriium*' salts in which the color is in the cation. Wool and silk have 
affinity for the anions of acid dyes and the cations of basic dyes. It is 
very probable that cotton absorb.s the anions of direct dyes, and not the 
(lye molecules as a whole; but when dyeing has V)eeii completed the dye 
is present on the liber as the neutral .sodium salt. 

(Vitton, wool and other textile libers arc* composed of linear polymers 
of high molecular weight. The long macromoleculcs are held together 
in bundle's or micelles in roughly'' parallel formation, but in addition to 
these regions of crystalline character, there are amorphous regions which 
also consist of the same* long chain molecules. I'hc* general picture of 
the dyeing process is somewhat .similar for all the libers, except in the 
final stage of the mode of attachment of dye to fiber — a difference which 
will be anti(‘ipated from the dilTerence in the* chemical constitution of 
cotton, wool and other libc'rs. When a liber, freed from hydrophobic 
coiLstituents, i.s placed in water, it i.s wetted, water is ab.'jorbed, and the 
osmotic pressure swells the fiber. Dealing with an acpieous solution of a 
(lye, the degive of welting and absorption will depend on the nature of 
the dye and the lib(»r, as well as the tempe^rature. X-Hay analy.sis of 
swollen fibers has .shown that the (‘rystalline orientation of the chain 
molecules in micelles remains unaltered, .so that the water mainly enters 
lh(* amorphous intermicellar regions.® Pores and channels are thus 
forjned in the intermicellar material, the diameters of the pore.s being 
of the order of 20 lOOA; the.se are large enough to permit the entry of 
dye molecules, w’hich diffuse along the channels and are adsorbed by the 
(‘cllulo.se moh'cules in the intermicellar regions in such a manner that 
uniform dyeing results, as indicated by the appearance of the dyed fiber 
under the micro.scope. The final stage in the dy<'ing process must be 
some kind of combination between fiber and dye. ai.d this ha.s to be con- 
sidered separately for cotton and wool. 

An analogy may be drawur*' between subslantivity to textile fibers 
and phy.siological action in their relationship to chemical con.stitution, 
although there is an infinitely greater degree of .specificity in the physi- 
ological action of organic compounds. I)i.scus.sing molecular structure 
and biological .specificity in connection with the phenomena of immunol- 
ogy, Pauling’ ha.s stated that the principal fon'cs of attraction which are 
operative between antigen.s and antibodies are ‘‘the general van der 
Waals forces (('lectronic di.spersion forces), tin* forces described as 
b.vdrogen-])ond forces, and the electro.static forces between positively 
charged and negatively charged ionized groups.” The forces of attrac- 
^ Katz, Physik. Z, 26 , 321 (1924). 

' Xr International Congress of Pure and Applied (’heinistry, 1917. 
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tion between dyes and fibers may be similarly described with the qualifi- 
cation that in cellulose fibers the electrostatic forces between ionized 
groups are operativ'c only in so far as the hydroxyl groups have some 
ionic character. 

Constitution of Cellulose®- ** 

Cellulose is present in plants as a skeletal substance, and it occurs 
in very pure form in the cotton fiber. After careful purification by 
removal of all extraneous matter, it has the empirical formula of a hexoso 
anhydride, CeHioOs- Its physical and chemical properties sliow that it 
is a high polymer. It is insoluble in ordinary solvents, dissolving only 
in a few special solvents such as atpieous solutions of cupriimmoniiim 
hydroxide, calcium thiocyanate and dibenzyldimethylammonium hydrox- 
ide, which have a swelling action on the fibrous substance. The size of 
the molecules varies within wide limits, not meivly in cellulose isolated 
from dilTerent sources, but even in the same sample prepared for inMaiu e 
from cotton fibers. Molecular weights, determined by th(‘ chemical 
end-group method and by various physical methods, su(*h as Staudinger’s 
viscosity method or Kraemer’s analysis of sedimentation eciuilibria in 
the ultracentrifuge, vary from about 100000 to twenty times this figuic 
stated as the degree of polymerization (D.P.) whicdi is the value of // in 
(CJTiof) 5 )n, the variation is from about 600 to 10000. The D.P ot 
cellulose in cotton fiber with primary walls only and with secondary 
walls has been stated to be of the average value t)f 0940 and 10. dot) 
respect ively.” Quantitative studies of the beha\*iour of cellulose mu^l 
therefore be regarded as yielding results which relate to an average of a 
molecular species. 'Acid hydrolysis of cellulose gives a nearly (plant iUi- 
tive yield of glucose, wdiich is obviously the fundamental molecule from 
w'hich the cellulose macromolecule is built up. By accdolysis (the action 
of acetic anhydride and sulfuric acid), an intermediate product, the 
disaccharide cellobiose, can be obtained as the octaacetate in 40^f; ya'Id 
Cellobiosc is a /3-4-glucosido-glucosc, and (*ellulos(^ is a polysaccharide in 
which a long series of glucose units are linked together in a (diaiii in the 
same manner as in cellobiose. All the know'ii properties and charac- 
teristics of cellulose, including the X-ray diagram,^® are in agri'einent 
with this chain structure.'” The models proposed for cellulose by 

* Ott, CelluloHO and Cellulose Derivatives, Interscienee, Now' York, H)43. 

• Herman.s, Physics and Chemi.stry of Cellulose Fibers, Kl.s(ivier, Amsterdam. ltH9 
See also Chapter VI. 

” Hessler, Merola and Berkley, Teihle Resrtnch J. 18, 628 (1948). 

** Haworth, Htlv. Chtm. Aria 11, 5IU (1928); Kreudeni>erg and Braun, Anti. 460, 28S 
(1928); 461, 130 (1928). 

** Mark and Meyer. Ber. 61, 593 (1928). 
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Haworth and \)y Moyor and Misch'^ arc illusl rated in Fifts. 1 and 2. 
Fik. 3 represents two views of an atom model of eellulose,''^ which indicate 
tlie close packiiij 5 of th<‘ atoms, the steric hindrance around the oxygen 
bridges, and the non-planar configuration of the molecule. 

The chemical reactivity of cellulose towards dye molecules must be 
associated with the hydroxyl groups, rather than the glucosidic oxygen 
atoms, the former being much more readily accessible. The loss of 
affinity for direct cotton dyes wdien cellulose is converted into an ester 



Fig 1 (’dlulohc model (Ihiworth). (Hy oourtrsy of Dr Fmil Ott, Hercules 
Povder (\» ) 


such as the acetate is an indication of the part played by the hydroxyl 
groups in the attachment of dyes to cellulose. Tsing the technique 
employed by Klotz, Walker, and PivaiH® for protein solutions, Preston’" 
has examined the ability of various w'ater-soluble polymers containing 
hydroxyl and ether groups (e.g., methyl ccdlulose, polyvinyl alcohol, and 
the polyethylene oxide produ(*t, carbow’ax) to combine with <lirect dyes 
hy placing the polymer solutions in a collodion bag immersed in the dye 

'• llfiv. Chnn. Acta 20, 232 (11)37); life. 70, 2o6 (1037). 

'‘Ott ill “The (’heinistry of I- 4 irgo Molecules,” Iiiterscience, Nc^\ York, 10 13. p. 250. 
’•/dfVS 68 , I486 (1016)'. 

Marshall and Peters, J. Soc. Dyfrs Colounats 63, U6 (1017). See also Peters and 
Vickerataff, Proc. Hoy. Soc. London 192A, 202 (1048). 
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Fif? 2 ( Vllulose mode] (\ro\prMn<l .Mim'Ii) 



Fig. 3. Vje\\s of an atom model of eelluloee (Oti) 

solution. Preston thus obtained evidence of the coml)inalion of dirocl 
dyes with compounds containing hydroxyl groups, but not with ethci*^, 
and he suggested that hydrogen bond formation lietween direct dyes and 
cellulose involves the hydroxyl groups, and not the glucosidic oxygen 
atoms, in the cellulose molecule. An inspection of the cellulose chain 
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shows that, apart from the two end meml)ers, each of the incurring 
jS-'glucose units contains one primary alcoholic* group and two secondary 
alcoholic groups. The relative susceptibility of the primary and second- 
ary alcoholic groups in the cellulose* (*hain to attack by reagents varies 
with the nature of the reagtmt and the conditions of the reaction.^’* 
The hydroxyl groups at positions 2 and 3 of each glucose unit apparently 
with cuprammonium to form a Miluble complex. When jS-gluco- 
pv^anose units are oriented in a Sachso strainless arm-chair form,*® the 
angle between the 2,3-hy(lroxyl groups permits complex lormation.^’* 
In some reactions there is evidence of the greater accessibility of the 
])rimary hydroxyl.'^® '^Fhe primary al(*oh(dic groups are (Considered to 
be mainly responsible for the initial sorption of water (up to 10^ c R.H.) 
by cellulose*. Among the simple alcohols, it is known that esterifica- 
tion with acid anhydrides is fastest with primary alcohols. The primary 
hydroxyls in cellulose are esterified most rapidly ov p-toluencsulfonic 
acid, the 2- and 3-hydro\vls being attacked less readily in the order 
named the nitration of cellulose in carbon tetrachloride in presence of 
iiitrogc* ti .^iTside yields a mononitrate in whicdi the nitration appears to 
be sul)slaiitially liniit(*d to the primary hydroxyl -- Any degradation of 
cellulose in which there is a shortening of the molecular chain w’ould be 
e\])e(*ted to influence the dyi* absorption a*^ a result of the change in the 
(me structure and the colloid-clMunical properties of the fiber; but even 
when cellulose is submit l(»(l to oxidations in which some of the primary 
alcoholic groups are eonvt'rfed into aldehyde or (*arbo\yl groups, without 
:i significant change in the chain length, there is a marked d(H*rease in the 
affinity of dyes for cellulose ("arefully purified cellulose contains a 
small nuTnb(»r of carboxyl groups, formcHl probably by oxidation of the 
potential aldehyde* group at one end of the chain, an I the dyeing proper- 
ties of native cellulose dep(*nd to some extent on tlie carboxyl content; 
but when a few of the primary alcoholic groups are oxidized to carboxyl 
groups, there is a profound effect on dye af)sorption. I sing nitrogen 
dioxide as the oxidizing agent, Kenyon-^ has aehi(*ved the preparation 
of an oxye(‘llulos(» in which cellulose retains its fibrous striieture and 
oxidation is (‘onfined mainly <o the primary alcoholic groups. Kenyon’s 

See aUo Houser, Tt rUb litsuiich J 20, S2S (lU.'iO), Tinioll, Svt'ns^k J^apfHfstidn. 62, 
107 (1940); Sumicrskog, ihid. 61, 50 (1018) 

•• Hooves, JACS 71, 212 (1040). Sntnn 99, 148 (lOH) 

" Peirce, Xaiuit 164, .‘108 (1041); Astbiirv and Davies, tbtd 84. 

' Mahoney and Purves, JACS 64, 0, 1.5 (1012). See also Heiiser. Heath and Shock- 
ley, JACS 72, 670 (1050). 

’■ Purves et at , JACS 66, 60 (1041) 

■ Kenyon #/ o/., JACS 69, .355 (1047) 

' Kenyon (t aL, JACS 64, 121 (10 42) d &m/. 
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oxy cellulose is devoid of affinity for direct cotton dyes. However, the 
dye affinity of acidic oxycelluloses of other types (e.g., periodic acid- 
chlorite oxycelliilose containing carboxyl groups in the 2,3-positionsj24 
will have to be examined systematically before conclusions can l)c 
drawn.®® 

Cellulose Fiber Structure 

An important characteristic of the cell walls of cellulose fibers is tlieii 
submicroscopic porosity, shown for instance by the fact (hat the density 
of the cotton fiber (1.05), calculated from the microscopically measured 
fiber volume, is about 30% less than the density (1.55 or more) deter- 
mined by the buoyancy method.® When a fiber is placed in water, it 
undergoes lateral swelling (about 25 for cotton and 50 70 fot 
viscose), while the length remains practically unalttTcd (the lengtlnvise 
swelling being about 1^,( for cotton and 2 5^t, for viscose); in this piop- 
erty of swelling, as well as other properties su(*h as optical behavior, the 
fiber is anisotropic.®* Cellulose fillers contain channels which are large 
enough to permit the entry of dye molecules, but the diffusion of a «lyc 
into the fiber is facilitated by swelling, and the rapidity of the entry 
dependent on the degree of swelling and on the size of the dye molecule 
It is not possible by the X-ray method to determine the width of the* 
vacuoles in a fiber, and estimates have only been obtained indirectly 
From a study of the moisture relations of cotton, the diameter of the 
smallest pores has been found to be of the order of 13A.®^ By detininiii- 
iiig the rate of flow" of w'ater through viscose inembTanes, the poiu diam- 
eter in viscose in the unswollen state has been estimated to be l(‘ss than 
5A, but this increases to 20 30A by normal swelling, and to 100 150 V 
by swelling in caustic soda solution. Dye molecules can penetrate the 
capillaries only in the swollen state.®* In most of the experimental work 
on the theory of dyeing cellulose, regenerated cellulose sheets have been 
employed; and by studying the distribution of water it has been cahmlated 
that the average diameter of the pores traversing the sheet is 40 to 

Novell, J. Textilf Imtt. 39 , TllS (1918), Ruthortonl, Minor, Martin, ami lljirii'^ 

J. Ut'Htarrh Natl Hur. Standaut^ r S. 29 , 181 (1912). 

** See also Noalt* and iStnngfellow^ J. Sor. Dyers Colourists 56, 17, 21 (1010) 

*• For an account of the suhnucroHcopic stnicture of cell walls, see Frey-Wyssliii«, , 
Scieme Progress 34, 219 (1980). 

” Urquhart and Williams, J. Textile Inst. 15 , T488 (1924); see also Frey-Wyssling, 
KollouDZ 85 , 148 (1988). Nitrogen-sorption measurements of cotton lintcis 
soaked in cold 10% sodium hydroxide solution indicate a maximum pore diam- 
eter of 40A and a surface area as great as 71.8 m.*/g.; Hunt, Blaine and Rxiwcn 
Textile Research J. 20 , 48 (1950). 

Morton. Trans. Faraday Sor 31, 262 (1985) 
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The pore dimeiittions in viscose* fibers, calculated from data on 
ociuilibrium dye absorption and on double refraction, are of the order of 
3()-50A.®®' ** It would app(*ar that in natural cellulose fibers there are at 
least a tew submicroscopic spaces as large as 100 A, since X-ray analysis 
of fibers in which colloidal gold and silver are deposited in the cell wall has 
revealed diameters of about lOOA for the metal particles. 

The chain molecular structure of cellulose, deduced by chemical 
evidence, has been confirmed and amplified by X-ray analysis.^- The 
calculated length of the cellobiose unit is about 10.3A. while the X-ray 
fiber diagram indicates a repealing pattern at the identical intervals. 
I'he picture that emerges from the X-ray diffraction photographs is a 
iligonal screw arrang(*m(‘nt, for which the <*ellobio.se unit, with its lower 
ludf rotated through 180°, permits the necessary 1,4-linkages. The 
<listan(*e of 10.3 A at which the* pattern repeats, representing for instance 
the distance between two primary alcolndic groups on the same side, is 
important in determining the structure of dyes which can attach them- 
selves to the cellulose chain. The crystallinity of cellulose varies with 
the source and witli the treatment to w'hich the material has been sub- 
mitted. A high degree* of crystallinity is found in the natural fibers, the 
cellulose chains l)eing deposited in roughly parallel formation with 
r(*f(*rence to the fiber axis. In the crystal structure proposed by Meyer 
and Misch,*^ the chains run alternately" in opposite directions, and the 
adjacent chains are held together by hydrogen bonding.” Native 
celhdose and hydrated or mercerized cellulo.se exist in two crystalline 
modifications, and the tw’o forms are interconvertible and chemically 
identical. Merccuized cellulose* has greater adsorptive* power, because 
of decrease in crystallinity. 

The crystallites or micelles in the fib(‘r are long in the direction of the 
fiber axis and relatively narrow' in the perpendicular direction; the 
length of the crystallites of ramie is at least fiOOA corresponding to a 
chain length of well over 100 glucose units, and the widtii is about o5A 
corresponding to 100 200 cellulo.se chain.N: the micelle sizes for viscose are 
of the order of 3oOA X lOA.**^ The filM*r, however, is not composed 
entirely of these crystallites, and it is clear from the X-ray evidence that 
the crystallites are embi'dded in amorphous or disordered regions. A 
given molecular (‘hain can go through a crystalline region, enter and go 

■* MrHaiii and Kisller, Trana. Faraday Sor. 26, 157 (10.30). 

IVcston and Kapndia, J. Sor. Dyers CoIoinff*s 63, 131 (1947). 

Preston, Mhatro, and Xanisimlian, J. Soc, Dyers Colourists 66, 17 (1949). 

Frey-Wyasling, Protoptasma 27, 372 (1937). 

‘‘See, however, Hermans, KoUotd-Z. 102, 169 (1913). 

HcnKslenherg and Mark. A. Krist. 69, 271 (1928). 
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through a disordered phase, and enter a second crystallite (Fig. 4).-*' 
We thus have a continuous transition between crystalline and disordered 
regions. Since the rc^activity of cellulose is mainly in th(» amorphous 
regions, attempts have been made to evaluate tlie crystalline-amorphous 
ratio in a fiber by various methods. However, definitions of crystalline 



Fig. 1. Sketch of cellulose ehaias which belong parth to civstallites and paith 
to disordered areas (Maik) 



Fig 5 Fine stiucture oi cellulose (Ataik ) 


and amorphous regions are not rigid, sinc(* inttTinicellar maliuial is not 
entirely in random order. 

Cellulose is highly hydrogen-bonded, anil these bonds i)rovido the 
cross-linkages which determine the fine stnndure of the fiber. 'I'hc 
crystallinity of the filler and the extent of hydrogen-bondediiess aic 
interrelated. In the ramie fiber most of the hydroxyl groups are invol^<‘<l 
in hydrogen-bonding. Although the disorderly rc'gions of a cellulose 

Mark in the ("hcinistry of Largo MoIocuIcr, Intorscience, New York (10115) bn 
also Ward, 3^., Textile Research J, 20, 6 (1050). flowBmon, ihid. 19, 152 (1010' 
has attempted to determine the ** accessibility” and '‘crystallinity'’ of cellulose 
fibers from moisture regain data. Frilotte, Hanle, and Mark, J ACfi 70, Ibb 
(1948), have used hydrogen-deuterium intoicharigc between cellulose hyd^()^^b 
and DiO for this purpo.so. 

Ellis anil Bath, ./4C*S 62, 2850 (1040). 
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fiber are also hydrogen-bonded structures, it is clear from the difference 
111 the reactivity of the micellar and intermicellar regions towards water, 
alkali, acid, dyes and other reagents that there is a difTerenee in the 
number and stability of the hydrogen bonds in these regions. Treat- 
ment with alkali under mercerizing conditions results in the ojiening of 
hydrogen bonds throughout the fiber; the moisture regain and the 
absorption of dyes are increased, and botli these effects are due to the 
greater accessibility of hydroxyl groups in mercerized cotton. In a 
dyeing process, relatively few of the hydrogen lioiids are broken, and 
these are confined to the cellulose molecules in the disordered regions and 
perhaps to an outer sheath of the bonded hydroxyl groups in the cr3^stal- 
line phase of the fiber. Some of the intercell ulosic hydrogen bonds are 
replaced by hydrogen bonds between cellulose and dye. Several con- 
siderations show the extreme improliability of dye molecules penetrating 
the crystallites, breaking some of the hydrogen bonds holding the chains 
together and replacing them by new h 3 "drogen In nds between cellulose 
and dye. The X-ray diagrams of dyed (*otton and regenerated cellulose 
show that dyeing has no influence on the fiber structure.’ 

The importance of the hydrogen bond in dyeing is indicated by the 
lact that all dyes contain nitrogen and/or oxygen; the availability of the 
unshared eh‘ctrons of these atoms in amino, azo, hydroxyl, carbonyl, 
amide and other groups largely determines the affinity of dyes for cellu- 
lose, The substantivity of a dye is therefore primarily related to the 
number and strength of the hydrogen bonds in which it can be impli- 
cated, but to enable the dye molecules to reach the sites in the cellulose 
structure at which they can be held, the dye has to fulfil certain require- 
ments of shape and size. 

The benzidine type of direct cotton dye posse^^es a flat elongated 
structure, and the dicliroic behuMor of fibers dyed vith such dyes shows 
that the dye molecules are probably disposed with their long axis parallel 
to the long axis of the cellulose chains,®^- although the dye molecules 
apparently diffuse into the fiber only perpendicular and not parallel to 
the fiber axis, as shown by an examination of fibers embedded in a 
hydrophobic medium so that the fiber ends permit free access to the dye 
wilution.^® Further, cellulose fibers, which have been stained with 

’’ Ambronn and Frey, Das Polarisationhinikroskop, Akad. Verlag, Leipzig, 1926. 

Iloiilton and Morton, J. Soc. Dyers Cclounsts 66, 145 (1940). 

*M)kajima ei al., J. Soc. Chem. Ind, Japan 49 , 38, 128 (1946,. Morey, TexUle 
Research 3, 325 (1933); 4, 491 (1934); 6, 105, 483 (1935\ has used the polarization 
of fluorescent light from dyetl fibers to measure at one time the average orienta- 
tion over hundreds of cotton fibers. He has also used the dichroism of dyed 
fibers for studying micellar arrangement. 

Frey-Wyssling, J. Polymer Set. 2 , 314 (1917), 
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iodine or filled with a colloidal deposit of gold and silver, also exhibit 
dichroism.®^ The degree of orientation in cellulose has been determined 
by measurements of the dichroism.^^ Rates of dyeing of viscose increase 
with the available surface and decrease with the degree of orientation 
The orientation of the cellulose molecules in viscose rayon fibers affects 
both the rate of dyeing and the equilibrium uptake.®®-^® 

From the saturation absorption value for Sky Blue FF on bleached 
cotton, taken as 6*^^ although an exact upper limit cannot be defined, 
it has been calculated®®-^® that the area of the available absorbing sui- 
facc of cellulose is 1.5 X 10® cm.Vg* on the assumption that the dye is 
absorbed in a monomolccular layer and that the area occupied by one 
molecule of dye lying fiat is 400 sq. A. 

Celli'losk a\d Direct 

Many attempts have been made in recent years at matlieniatical and 
thermodynamic analyses of the direct dyeing of cellulose*. Dyeing 
eciuilibria and dyeing kinetics are problems of the utmost compte\i1y, 
but by arbitrary simplifications of the system mathematical treatment 
has be<*n possible and considerable progress has been made in deriving 
quantitative relationships between the various factors involved in flu- 
absorption of direct dyes by eellulose. On the other hand, the generalh 
unsatisfactory position of dyeing theories is indicated by th(*ir comiiletc 
lack of application to cellulose dyeing practice. From both the theoreti- 
cal and practical points of view, cellulose presents more complicated 
dyeing problems than vool and silk. 

The character (If aciucous solutions of direct cotton dyes as true or 
colloidal solutions has been much debated. I iitil n‘coiitly the explicit 
view was that direct dyes form colloidal solutions, the size of the aggie- 
gates of a given dye depending on temperature and salt addition; d 
was considered that molecularly dissolved particles diffused fiecly 
through the fiber and took no part in the dyeing operation unless the 
conditions were suhse(|uently inodific'd (e.g by adding salt) in order to 

Pre.ston, J, Soc Dtftrs Colourists 47, ‘M2 (19S1), S(X\ Chem. Ind 60, TlOt) 

Preston and Su, J. Sor J)i^(rs Colounsls 66, ^57 (lt)50), have studied the relation 
between the degree of orientation of d>ed regen(»ralod cellulose fibers and the 
degree of polarization of their fliiorescenee under Various conditions. T1k\ 
have shown ^hat the fluoreseence method gives n measure of the dichroism (»f tin 
dyed fibers. 

Preston and Pal, J. Soc. Dycjs Colourists 63, 41^0 (I9t7). 

Paneth and llaclu, Ber. 67, 1221 (1924). See also HowlI and Jackson, JCS ’l/'l 

(1937). 

** Standing, Trans. Faraday Soc. 41, 410 (1945). 
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effect a change in the state of aggregation. Robinson^*-” has investi- 
gated the structures of acjueous solution.s of direct cotton dyes by several 
methods, such as osmotic pressure, diffusion, conductivity, and transport 
number measurements, and has obtaineil definite evidence of aggrega- 
tion. It is reasonai)le to expect that the structural factors which enable 
a dye molecule to be strongly adsorbed on (‘cllulose would also be favor- 
able to aggregation in aciueous solution, and the real problem is to make 
a (|uantitative assay of the degree of aggregation of a given dye under the 
coinlitions employed in the dyeing process. Evidence for the aggrega- 
tion of Sky Hluc FF has been obtained by conductivity measurements.^^- 
'Die dye forms blue solutions in water and in solutions of cationic soaps 
above the critical concentrations for micelle formation: below the critical 
concentration, the solution is reddish, and the color change is sufficiently 
sharp for determining the end point when a soap solution containing the 
(lye is titrated against a solution of the dye in water. The extent of 
aggregation of Sky Blue FF in the absence of sab '? is unknow n. Valko 
lias assigned an aggregation number of 3.7 to dye solutions of 0.002 to 
0.02 concentration in presence of 0.02 to O.Oo molar sodium chloride.^ 
Measununento of the sedimentation equilibria indicate that Congo Bed 
solutions are monodisperse and the molecular w’eight of the dye in 
0 l.V sodium chloride solution is betwTen 8000 and 9000, corresponding 
to al)out 12 molecules.^** The dye Bordeaux COV (benzidine two 
moles /i-naphthol-8-.sulfonic acid) is almost rnolecularly dispensed, wdiile 
beiizopiirpurine 11^ aggregates readily.^* The degree of aggregation and 
the mean particle size increase with salt concentration (sec Fig. 0), and 
decrease with temperature; the decrease in aggregation with increase in 
temperature show^s that it is an exothermic reaction. Considering the 
dyes wiiich have the reejuisite substantivity for prat ti(*al dyeing, it would 
appear that about 90 of most of the dyes is in molecular solution at 
the temperature of dyeing. 

From diffusion rate experiments Valko*® has calculated the particle 
size of the leuco compounds of five vat dyes in a solution prepared from 
the dye (0.1 g.), hydrosulfite (O.Oo g ), sodium hydroxide (0.1 mole) and 
sodium chloride (0.2 mole) per 1. (Table I). Similar figures were obtained 
for the particle sizes of a few' Tndigosols. On the average three dye ions 

Kotnnson H al.^ Prnc Roy aSW Lotulon 131A, 576 (IIKH/, tbni. 143A, 630 (1934); 

fhtd, 148A, 681 (193,')); Ttans Fat ado y Sin\ 29, 3.52 (1933), 36, 771, 780 (1939). 
“*800 also Valko. Trotis. Faraday Soc. 31, 230 (1935). 

^niolmcs and Standing, Trans. Faraday Soc. 41, 568 (1945); Forrin and Harkins, 

JACS 69, 679 (1947). 

'Hiupnsol, Trans, Faraday Sor. 31, 259 (1935). 

'".MC*S63, 1434 (1941). 
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Fir 6 Degree of association of direct dyes at 25*^ as a tiiiiction of the coiucntia 
tion of Nad From diffusion measiiiements fValko) 


aggregate to form an ionic micelle, but it mu^l be assumed that then 


are enougVi single ions to penetrate the pores of the swollen cellulose 
fiber.®® 


TABLL I 

Particlis Sizb OF iHL Lkuc o Derivmivls OI? V\l l)\hS A I 25° 


Dyf 

Parlidt 
radius A 

Mohcular 

M eight 

Aqqi egalion 
Ao 

(’’aledon Jade Green 

7 89 

^ 1874 

3 6 

Indanthrene Red RK 

7 19 

lllf) 

3 8 

Indanthrciic Golden Yellow GK 

H 42 

1009 

3 .1 

Indanthrene Golden Yellow RK 

(> 31 

963 

2 1 

Indanthrene Yellow GK 

7 11 

1388 

3 1 


When ramie is dyed from alcoholic solution, in w^hich the aggregatioi 
of direct dyes is very improbable, it is optically indistinguishable fion 
ramie dyed in the usual manner from atjueous solution with the additioi 
of salt.^* Comparing the absorption spectra of a dye in water and oi 
viscose or cuprammonium sheet, Xmax undergoes a bathochromic shif 
in the dyed materials.®^ The dichroism of a fiber dyed with a direc 
cotton dye is of the opposite sense to the dichroiam of a large elongater 
dye micelle in aqueous solution.®® These facts generally lead to the con 
elusion that direct cotton dyes are at least partly aggregated in aciuiMiu 
solution, but molecularly dispersed in the fiber. At the temperatun 

See also Moryganov, KolLotd. Zhur 6, 85 (1940) 

** Kruger and Rudow, Ber, 71, 707 (1938). 

Morton, J. Soc Dyers Colourists 62, 272 (1946) 
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of dyeing, the dye is mainly in molecular solution, but in equilibrium 
with aggregated particles, so that the dye is polydispersed.^® The pore 
Sizes in the fiber indicate that the dye can effect entry only as single 
molecules or as small aggregates; and as diffusion proceeds, the aggre- 
gates in the solution dissociate until equilibrium between fiber and dye 
•solution has been established. 

It is likely that groups in the dye anion which arc responsible^for 
biibstantivity to cellulose are also responsible for the aggregation of the 
dye in solution and that substantivity is associated with, but not the 
result of, the colloidal properties of the dye. The tendency to aggregate 
ill the presence of inorganic elect roly tes provides a useful indication of 
the substantivity of dyes to cellulose. 

Direct cotton dyes interact in aqueous solution, and the spectra of 
the mixtures in water are not additive.®^ When mixtures are used to 
(lye cotton, the absorption of one component, as compared with its 
alisorption when dyed singl}^, i.s considerably lowei than the value to be 
anticipated merely from the competition of the two dyes for the available 
•siirface When cotton is dyed with a mixture of a slowly dyeing dye 
with great affinity for cellulose (e.g. Chicago Blue B) and a rapidly dyeing 
(lye of low affinity (e.g. Cdirysophenine G), there is found at all concen- 
trations a decrease in the amount of the former dye adsorbed. Appar- 
ently, the displacement of the quickly diffusing dye by the large molecules 
of the slowly diffusing dye b<M*omcs very difficult. 

The first quantitative treatment of the dyeing of cellulose w'ith direct 
dyes is due to Neale. A vital factor in direct cotton dyeing is the use 
of sodium chloride or sulfate, and the salt effect has been studied and 
interpreted quantitatively. Cellulose is negatively charged with respect 
to water; the electrostatic effect of the zeta potential is to oppose the 
absorption of an anion, and the addition of salt overcomes this repulsion.^** 
The presence of carboxyl groups as in some of the acidic oxycelluloses 
and the adsorption of the dye anion as the dyeing proceeds increase the 
negative zeta potential. Neale has shown that the basic dyes Janus 
Red B (Cl 266) and Victoria Blue B (CT 729) have a strong affinity for 
bleached cotton even from a neutral solution containing no added 
electrolyte, and that the behavior of these dyes is in favor of the electro- 

'* Rummler, Spinner n, Wehtr 66 , No. 48, 6 (1937) 

'’^Lenher and Smith, Ind. Eng, Chem 27 , 20 (1935). 

“ Neale and Stringfollow\ J. Soc. Dyits Cotounsts 69 , 241 (1913), hoc also Lemin and 

Vickerstaff, Trans. Faraday Soc. 43 , 191 ^1917). 

‘"Jensen, Kein, Maanedshlad. 23 , 105 (1942). 

‘^Hanson, Neale, and Stringfellow, Trans. Faraday Soc. 31, 1718 (1935). 

'"Neale, Trans. Faraday Soc, 42 , 473 (1946); see also Neale and Peters, ihid, 478: 

Gee and Harrison, ihid. 6, 42 (1910). 
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static theory of the salt effect.*® The dye anions are directly bound to 
the cellulose chain, and the sodium ions are held by the sulfonic groups so 
that the entire complex is electrically neutral. One function of salt in 
the dyeing process is to restrain the tendency of the sodium ions in Iho 
dye molecules adsorbed by (‘ellulose to escape into the surrounding water 
Another important fun(*tion of salt is to lower the solubility of the dye 
in water, since decrease in solubility tends to increase the absorption of 
the dye. The salt effect varies considerably from dye to dye, and it is 
dependent on the aggregation characteristics of the dye. 'rhus, Sky 
Blue FF (dianisidine ZX 2 moles l-amino-8-naphthol-2,4-disulfonic acid), 
if it is chemically pure and completely free from inorganic electrolytes, 
is not absorbed at all by cellulose, which in fa(‘t absorbs water preferen- 
tially from a solution of pure Sky Blue FF in pure water; but Benzo- 
purpurine 4B (o-tolidine Zj 2 moles naphthionic acid) is aj)precia])ly 
absorbed from acpieous solution free from electrolytes Neale suggested 
a ciuantitative explanation of the absorption of dyes by c(‘llulosc in terms 
of a Donnan meml)rano equilibrium, reganling direct dyeing as a process 
of diffusion in which an ultimate equilibrium belween cellulose and dye- 
bath is attained, dependent on the conditions of dyeniig. The diffusion 
of the dye anions from the dyebath to the surfa(*e of the fiber, when the 
solution is in a state of ebullition or mechanical agitation, is instantane- 
ous, and this may also be considered to be true of the final stage of attach- 
ment of the dye molecule to the cellulose molecule; the rate-determining 
step in a dyeing process is the diffusion of the dye from the surface of the 
fiber into the interior of the water-swollen cellulose.®^ Making a careful 
study of the effect 'of time, added salts, dye concentration and tempera- 
ture on the absorption of dyes by cellulose, Neale observed a rough 
correlation between the apparent diffusion coefficient and the amount ol 
absorption. When salt was added to the dyebath, the diffusion coeffi- 
cient increased, reached a maximum and then fell, w'hen»as the absorption 
at equilibrium steadily increased. The absorption of Sky Blue FF was a 
reversible process, and the increase in absorption wdth time was in iigret'- 
mciit with the theory of diffusion. 

There has been an increasing realization in n^cent years of the com- 
plexity of the direct dyeing process, and the proldem is being studied 
from new angles, so that more data may become available for an ultimate 
overall assessment of all the factors. Figures for 60% equilibrium 
exhaustions, which indicate the diffusion and migration properties of the 

Trans. Faraday Soc. 43 , 338 (1947). 

•» Neale, J. Soc, Dyers Colourists 62, 252 (1930); Boulton, ibid, 60, 5 (1944). 

Boulton et al,, J. Textile Inst. 24 , 113 (1933); Neale and Stringfellow, Trans 

day Soc, 29 , 1167 (1933). 
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(lyes, have been determined. Another experimental approach is to 
measure rates of dyeing for a series of dyes at equal salt concentrations;®* 
the significance of these data in practical dyeing is that rapid dyeing and 
leveling power usually go together. A surface potf^ntial th(‘ory of the 
elTect of salt and temperature' on the apparent diffusion coe'fficient has 
b(‘eu proposed, considering the diffusion of dye into a cellul().se sheet as a 
process of activated diffusion with ab.sorption.®^ Making several simpli- 
fying assumptions, a diffusion-adsorption equation has been develojied 
for the absorption of direct dyes by cellulose' sheet; the eepiation is par- 
tially successful in correlating data obtained at high salt concentration, 
but fails at low salt con<*entration.®® Neale has recently attempted to 
provide a simple physical picture of the effect of electrical forces on the 
dyeing proci'ss, leaving out of account the short range forces, such as the 
liy<Irogen bond, which determine the aflinity of a dye for the fiber and 
the mode of attachment of the two.^® The ele(*tr()>tatic effect, due to the 
charge'^ on tlie fiber and th<' color ions, i'i ‘^not tin* principal factor in the 
affinity of a dye for a fiber, but the variation'' in the strength and charac- 
ter of tV ele<*trostatic force are n"'ponsiblt' for the effects of salt in 
dyeing, and for the eff(‘(‘t of acid on the dyc'ing of silk and wool.” 

The sor])tion of direct dyes by cc'lhdose, like the aggregation of the 
dyes in a(|ue()us solution, is an exothermic process, as showm by the 
(h'crease in the amount of .sorbed dyi' with increasing temperature. 
This is true of all the substantne dyes, including those w’hich have little 
or no lend(*ncy to aggregate in solution, and it is clear that molecular 
forces are in\ol\ed in the .sorption of a dye by cellulose, losing the 
measurements of Xeale®" on the .soiption ecpiilibrium of C'hlorazol Fast 
lied K (aminoazobenzene <lisulfonic acid — > benzoyl-J-acid) on cello- 
phane at ‘Jo® and 90°, K. II. Meyer calculated tic molecular heat of 
sorption as o kcal per mole; he coiiMdered the \ahie high and sup- 
po.s('d that one molecule of tlu' dy(» entered into a.ssociation with .several 
hydroxyl groups,®** but Meyc'r’s calculation was ba.sed on inadequate 
data. The energy change's in dyeing cellulo.se (cotton, mercerized 
cottoiq ctiprammonium and visco.se rayon) with direct ilyes have been 
recently examined, adopting a simple thermodynamic treatment of the 
experimental data on the ad.sorption i.sotherms of a .series of 14 dyes at 

boulton and Houding, J. S(H' CoJnurtsts 50 , ‘tSl IV>alton, thuL 60 , .5 

il044). 

**bpmin, Vickers and Vickorstaff, J, Soc. Ihiers Colounsts 62 , 132 1946). 

(’rank, J. Soc. Di/frs Colounsts 63 , 293, 4iJ (1947); 64 , 386 (1918); 66 , 366 (1950). 
’’^Standing, Warw’ickor and Willis, J. Textile Inst. 38 , T335 (1947). 

*** Neale, J. Soc. Dyers Colourists 63 , 368 (1917). 

fJarvie, Griffiths, and Neale, Trans. Faraday Soc. 30 , 271 (1931). 

Natural and Synthetic High Polymers, Interscience, New York, 1042, p. 274. 
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temperatures of 50-100®.^^ This treatment of the dyeing equilibrium is 
applicable to dyes which are not aggregated in solution, and deviation 
from the behavior to be expected from the theory is regarded as evidence* 
of the presence of aggregates. Two main simplifying assumptions au* 
made. One is that the dyes (Na,D) arc completely dissociated both in 
solution and on the fiber, the dye anions alone being specifically absorbed 
by the cellulose, although other ions may be carried into the fiber to 
produce electrical neutrality. The activity of the dye, both in solution 
and in the fiber, is represented as the product of the ionic activities 
assumed to be proportional to the concentrations of the sodium and dye 
ions; in the fiber the proportionality constant has the dimensions of a 


reciprocal volume 



The volume, V, in 1 /kg of dry fiber, which 


may be termed the effective volume of the cellulose phase, is calculated 
from the absorption data for Chrysopheniiie G, an unaggregated dye 
The values thus assigned to F, in comparison with the figures for moisture 
absorption®* and for the amounts of water dissolved in the fiber as 
distinct from chemically combined water, arc stated in Table II. 


TABLE II 

VOLLMB OF THE CELLULOSE PhASB (1 'kg DkTi EiBER) 


Fiber 

Moisture 

absotptwn 

D molted 
u ate r 

idsorption of 
Chrifsopheriine 0 

Cotton 

0 22 

0 16 

0 30 

Mercerised cotton 

0 26 

0 21 

0 50 

Viscose rayon 

0 46 

0 27 

0 45 

Cuprammonium rayon 

0 37 

0 26 

0 65 


The values (AG®) for the standard change in free energy (the affinity) 
are calculated from the equation 

-AG® = RT In (D,l • [NeaY “ RT In [D.] • [Na.]‘ - (2 + 1)RT In V 

in which R is the gas constant; Tis the absolute temperature; (D|), (Niif), 
(D,), and (Na.) are the ionic concentrations of the dye ions and sodium 
ions in the fiber and in the solution. It is obvious that the affinity is 
dependent on the value ascribed to Vy especially in comparing dyes of 
different ionic charge ( 2 ). However, the results on different fibers were 
on the whole in good agreement,*^ and it could be concluded that the 
affinity of a direct dye was the same for all the filx»rs examined, and 

•• Urquhart and WilUams, J. Textile Inst. 15, T569 (1924). 

Hailwood and Horrobin, private communication to Marshall and Peters in ref 17 
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probably for all rellulosic substrateH. The affinity of a dye for cellulose 
was therefore calculated as the mean affinity for the different fibers. 
By plotting these affinities against temperature, the mean heats of reac- 
tion were obtained and the mean entropy changes in dyeing were cal- 
culated from th(‘ two sets of figures, and are stated in Table III. 

TABLE 111 

Mean VAi.ri; of the Heais oi? Dyeing (A//) and Entropy Change (a5) 

OF Djrbci Dyes on losic P'ibers for a Mean Temperature 

OF :i50°K 



-A// 

~A*S 

hut 

k(al p(r rtudt 

gcal per °C\ per molt 

t’hrybophenino ('i 

U 


Dunizul Red 2B 

11 

21 

Durazol East Yellow G(i 

:ii 

7.1 

Chlora/ol Brown M 

11 

14 

Durazol i'irey RG 

15 

31 

C’hlorazol Violet N 

12 

21 

('li^nrazol Fast Scarlet SB 

20 

1.1 

Chlorazol Sky Blue FF 

22 

44 


The heat of dyeing rei)resentb the energy of bond formation between 
cellulose and dye, and the entropy change represents the restriction in 
llie mobility of the electrons of the dye molecule as a result of its attach- 
ment to the cellulose molecule. 'Fhe entropy change should increase 
with an increase in the points of attachment, and therefore with an 
increase* in the heat of redaction, and this is seen to be true from Table 
111. Taking the heat of formation of a hydrogm bond as 7 kcal, the 
heat of reaetion of water with a-glucose, Maishall and Peters conclude 
that at least two hydrogen bonds are involved in the attachment of a 
direct dye to cellulose; but they add that our kium ledge of the hydrogen- 
bonding powers of the various reactive groups in direct dyes is quite 
iiiadeciuate for predicting heats of reaetion. It is to be anticipated that 
the attachment of a dye mole(*ule to cellulose involves hydrogen bonding 
of different degrees of stability, and therefore of ditferent heats of forma- 
tion. Although the heat of formation of hyrlrogen bonds varies with the 
nature of the bonding groups, the variations arc betY\een 4 and 8 kcals, 
and it is reasonable to postulate a minimum of two hydrogen bonds 
between a dye molecule and eollu* )So. The energy iv leased in the 
absorption of (yhrysophenine G, a nonaggregatiug dye, by cellulose sheet 
has been calculated to be about 14 kcal per mole of dye adsorbed, a 
Value which is in broad agreement with the view that the union between 
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each dye molecule and cellulose is by means of two hydrogen bonds, 
although there are no grounds for assuming that the postulated hydrogen 
bonds are the sole factors in the values calculated for A//. The heat ot 
dyeing Sky Blue FF on cotton has been found to be between 17 and 19 
kcal.’* Graham and Fromm find that with decreasing values of the 
equilibrium sorption the differential heats of dyeing increase from 
15.2 to 22.4 kcal/mole of sorbed dye for Calcodur Blue 4 GIj (the trisazo 
dye, aniline Cleve-6-acid — > Cleve-6-acid — > J-acid) their calcula- 

tions are made from the variation of absorption with temperature, and 
not from affinity measurements dependent on a definition of the activity 
of the dye in the fiber. Graham and Fromm ascribe the variations m 
the heat of dyeing observed by them to variations in the heat of sorption 
associated with different portions of the fiber surface, and also suggest 
the occuiTence of multilayer dye sorption. 

Surface -activity and substantivity. Common types of w etting agents 
and detergents have some characteiistics which are of interest in a dis- 
cussion of the chemical constitution of substantive dyes.^'* Wetting 
agents and detergents are usually colloidal electrolytes, wdiitdi may be 
anion-active or, less frequently, cation-active or non-ionic; and the 
properties of the polar molecules depend largely on the balance betw^cen 
the hydrophobic and hydrophilic constituents. Among the propeitics 
of a substance, the possession of which is likely to be favorable to its 
ability to act as a wetting agent and detergent for textile fibers, mav lx* 
postulated a certain affinity for the latter.^® Nonpolar molecul<‘s ai(‘ 
apparently not absorbed by cellulose,® and the polar character of siib- 
►stantive dyes as wtU as Avetting agents and detergents is involved in then 
sorption on the outer suifacc of the fiber and subsequent migration to th(» 
interior accessible surface.^® The substantivity of dyes is partly related 
to the ability of the dye ions to form aggregates or micelles; and in 
detergents micelle formation sometimes runs parallel to detergent action 
However, the analogy is superficial and the substantivity of a dye mole- 
cule is not increased, for instance, by the mere introduction of a fatty 
acid chain in order to give it the character of a soap. Surface-active 
compounds are normally constituted with a head and a tail, of which one 
is hydrophobic and the other is hydrophilic; the molecules are then 
adsorbed from aqueous solution on the surface of a substrate, such as the 

Standing ct aL, 7Vans. Faraday Sac, 41 , 506 (1945). 

Fishwick and locale, Trans. Faraday Sac. 43 , 332 (1947). 

Graham and Frornm, Can. J. Research 26F, No. 6, 303 (1947). 

Cf. Venkatarnman, Current Sex. 8, 281 (1939). 

For measurements of the substantivity of textile asststants, see Meeheels, Melhand 
TexUlha. 18, 103, 165, 312 (1937) 

’’ Cf. Uideal in Wetting and Detergency, Harvey, London, 1937. 
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oily film of a textile fiber, with the long axis more or less perpendicular 
to the surface with the hydrophilic or ionic end of the molecule in the 
water phase. lilongated dye molecules, on the otlier hand, are adsorbed 
with their axis lying parallel to the cellulose chain; and in contrast with 
the unsymmotrical distribution of the polarites in surface-active com- 
pounds, substantivity in the benzidine type of dye molecule is favored by 
a structure in which the auxochromes anrl the ionizing groups are sym- 
metrically distributed over the length of the molecule in such a manner 
that the polarities are at right angles to the long axis of the molecule.’^ 

The water-soluble complexes obtained by heating p-phcnylencdiamine 
or benzidine with octadecyl bromide (6 moles; in pyridine solution have 
considerable affinity for cotton.’* i\r,jV-Bisoctadecylsulfanilic acid is sub- 
stantive to cotton, but not to wool, while stearoylsulfanilic acid has more 
affinity for wool than for cotton. In general, basic compounds of this 
type have more affinity for cotton, and acidic compounds more for wool.’® 
Fixanol (ICI), which is of the type cetylpyridniium chloride, behaves 
towards cellulose in the same manner as a rapidly ditTusing dye.’®* 

The paraffin chains influence the substantivity of these cation-active 
colloidal electrolytes, since the ordinary basic dyes in which the color is 
in the cation have little or no affinity for cotton and have to l>e used on a 
tannin mordant. When long chain fatty acids arc condensed with 
polyethylcne-polyamine.s, the complex amides form alkali salts which are 
soluble in ^vater at the boil and are substantive to cotton; such products 
are useful as softening agents for dyed cotton and rayon and have the 
advantage over the usual cationic softeners that they do not de(*rease the 
light fastness of the dyes.®® Reference has been made elsewhere to wool 
dyes containing heavy alkyl groups wdiich have high fastness to severe 
wet treatments. The affinity for wool of a dye containing an alkyl 
group appears to increase with increasing chain length of the alkyl 
group; such an effect has been noticed with alkylsulfonic acids. 

Constitution of Dyes SrnsTvxTivE to (’ellulose 

The affinity of dye for fiber plays an important part in the direct 
dyeing of cellulose; unlike the acid dyeing of protein fibers, the electrical 

” Cf. Schirm, J, prakt, Chem. 144(ii\ 69 (1935;. 

** Seidel and lOngolfricd, Ber. 69 , 2567 (1930). 

Whittaker, quoted by Boulton and Morton in Ref. 3S. For figures of absorption 
of Fixanoi by cotton, wool, and other fillers, see Blow, J. Soc Chem. Ind. 67, 118 
(1938). 

Because of the negative i:ela potential of cellulose in water, cotton does not absorb 
anionic or nonionic surface-active .agents from aqueous solution, but absorbs 
cationic agents; Harris, Textile Research J. 18 , 660 (1948). 

McLeod, Avi, Dyestuff Reptr. 37, 30 (1948); see also (Miapters .WII and XL. 
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forces are opposed to the absorption of the dye. While the absorption 
of a dye from aqueous solution by a fiber is a partition of the dye between 
the fiber phase and the water phase, resulting in a reversible equilibrium, 
it is important to remember that practical dyeing depends on the mow 
or less complete transference of the dye to the fiber, i e., the exhaustion 
of the dyebath, under suitable conditions. As stated earlier, the dyeing 
process is exothermic. It is clear from these and other considerations 
that there is an intermolecular attraction betw’een dye and fiber. 

The general mechanism of the dyeing process which emerges from 
the preceding account provides some indications of the structural charac- 
teristics of dye molecules which are favorable to substantivity. Direct 
dyes are electrolytes which are usually colloidal under certain condition^. 
For a dye to be po.sitively adsorbed from aqueous solution, it must have 
greater attraction for the cellulose phase than for the water phase, 
and a tendency to aggregate in aqueous solution is a related piojierty 
Expressed somewhat differently, dye molecules or ions aggregate to foim 
colloidal micelles because of their hydrophobic character, as a lesult of 
which they displace the water molecules in the intercrystalline regions 
of cellulose and attach themselves to the cellulose molecules Since 
hydrogen-bond formation between the dye and cellulose is the most 
likely mode of combination, the dye molecule must contain group®, su(‘h 
as azo, amino, hydroxyl, and amide groups, which can fulfil this purpose 
It may be assumed that the larger the numbiT of sit('s in a dve molecule 
offering points of attachment to the cellulose chai£, the greater will be 
the stability of the combination between dye and cellulose At least 
two types of substantive dye molecules may be \isuahzed' an elongated 
molecule such as a benzidine dye, which orientates itself parallel to a 
cellulose chain; and a large flat planar molecule which can attach itself to 
two or more adjacent cellulose chains. Considering that dye absoiption 
occurs in the disordered regions of the fiber, the possibility of noiiplanai 
dye molecules possessing substantivity for cellulose cannot be ruled out 
(see later). The size of the dye molecule is limited on the one hand b\ 
the diameter of the channels in the intercrystalline regions of the cellulose 
fiber, and on the other by the requirement of a diffusion process in whn h 
sorption of the dye on the cellulose substrate can take place and equilib- 
rium attained under practical conditions of dyeing Thus, Lenher and 
Smith have C 9 mpared the substantive Benzopurpurine 4B with it-^ 
isomeridc from m-tolidine which is non-substantive under normal dyeing 
conditions.*^ From diffusion experiments they have ealeulated the size 
of the micelles of th6 two dyes at different tempemtures in the presence 
of varying quantities of electrolytes. At 25® and writh low concentia- 
JACS 57 , 504 (1935). 
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tiotis of electrolyte Bcnzopurpurin 4B micelles contain several hundred 
molecules, while the isomer, at the same temperature and in the presence 
of more electrolyte which increases aggregation, contains less than 20. 
At this temperature the m-isomer is more substantive than Benzopur- 
puriiie 4B, but at 80-100® the latter is much more substantive. At 
94®, Benzopurpurine is adsorbed ten times as much as the m-isomer by 
cotton and cellophane.®^ The higher temperature causes partial break- 
down of the micelles, and at this temperature the size of the 4B particles 
is reduced to what Lenher and Kraith consider to be the maximum size for 
sul)stantivity, a diameter of 17A.®‘ Somewhat similar diflferences are 
shown by the dyes Benzo Fast Ued 8BL f I) and its l>enzamido derivative 
(II). Neither of the dyes has any substantivity in the absence of elec- 
trolytes; in their presence (I) is more substanlive at 25®, but at the boil is 





XHCOPh 




NHCOPh 


)iot adsorl)(‘<l at all, while at this tempc'rature (II) is a fairly substantive 
cotton dye.®^ ^‘Substantivitj'’’ under practical dyeing conditions thus 
depends not mendy on the constitution of the dye, but also on the 
maintenance of the optimum conditions of temperature and salt con- 
centration. 44ie difficulti(‘s in the way of a quantitative assessment of 
substantivity ^\ill bo clear from tlic earlier diseufe.'-jon of dyeing theories, 
and the following correlations between the clurnical constitution of 
dyes and tlieir substantivity to cellulose are therefore empirical and 
qualitative.^ 

There are several natural coloring matters (e.g. bixin, carthamin, 
curcumin, cuteehin), which do not contain nitrogen or sulfur, and w^hich 
ar(‘ substantive to cellulose. Kostanecki (1918) drew an analogy bet'weeu 
till' elongated symmetrical character of the curcumin molecule and the 
structure of the benzidine dyes. C'arthamin is the glucoside of a chalkone 
derivative and contains a number of phenolic and alooholic hydroxyl 
groups, wdiile (*atechin is a benzo-y-pyran derivati\e containing one 
alcoliolic ami four phenolic hydroxyl groups.®^ The synthetic direct 

Griffitlis and Neale, Trans, Faraday Soc. 30 , 395 (1934). 

*’Louher and Smith, JACS 67 , 497 (1935). 

See ref. 1, Chapter XXIV. 
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cotton colors belong to a very differeni type, being sodium salts of 
aromatic sulfonic acids, which are strong electrolytes and are absorbed 
as ions, but are present in the dyed fiber as the neutral sulfonates. 
Marked substantivity to cotton is also shown in alkaline solution by tlic 
leuco compounds of many sulfur dyes and anthraquinonoifl vat dyes, 
including some not containing nitrogen and sulfur, and by the arylarnides 


eQ O" 

y-CH=CH-CO-CH.-CO-CH=CH— ^ 


Curcumin 


L«H|i06 



Carthamm 


of hydroxjuiaphthoic acid. Flat poly(‘yclic mok'cules su(*h as th(‘ 
phthalocyaniues and the dibenzanthrones, to which the reipiibite solu- 
bility has been imparted by the introduction of sulfonic groups, have 
pronounced afiTinity for cellulose. While the color is in the anion in these 
dyes, cellulose is also capable of absorbing colored cations if the dye is 
suitably constituted; thus there are basic azo dyes and phthalocyanines 
containing ammonium or sulfonium groups which ai’C substantive to 
cellulose. Color is not an essential property of a substantive molecule, 
and colorless substances such as polyamides arc positively adsorbed by 
cellulose, although many of the constitutional requirements for color are 
favorable to substantivity. I'hus, substantivity for cellulose is to be 
found among widely different types of organic compounds. These 
examples illustrate the variety of structural factors to which substan- 
tivity may be due and the improbability of over-simplified explanations 
standing the test of accumulated experimental data. A closer analysis 
of the structural features of <lyes possessing substantivity may now be 
attempted. 

Conjugated unsaturation. In an important contribution to the 
theory of substantivity, Schirm^^ suggested that substantivity is asso- 
ciated ‘‘with polynuclear system of conjugated double bonds, the 
residual valency of which, in conjugation with the auxochromes present, 
is responsible for the substantivity; groups which interfere with the 
system of double bonds weaken, and may destroy, the substantivity.^ 
However, his conclusions regarding the minimum chain length of eight 
conjugated double bonds, and the specific arrangements of the conjugated 
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system which he postulated in certain dyes, have no significance in the 
light of modern structural theory. Increase in substantivity with an 

increase in the length of a conjugated chain of double bonds is to be 

anticipated in view of the electron cloud of the conjugated chain and 
the electronic dispersion for(*es. Further, the longer the chain tlie larger 
is the polarizability and the possibility of interaction with the permanent 
dipoles of the hydroxyl groups of the c(dlulose molecule. 

Bixin, the coloring matter of annatto, is a remarkable instance of an 
aliphatic compound w'hhdi, by virtue of a series of nine conjugated double 
bonds terminating at one end with a carlioxyl and at the other with an 
ester group, is both colored and substantive io cotton 

r'Hi (III CIIi (ML 

IhCOOC'-rH-CH CM! (MI CH (' CII CII (MI CM! C (Ml fMI (MI (‘-CM! (’H-(‘001! 

inxill 


Azo dyes. The technically valuable direct cotton dy(‘s belong mainly 
to the azo class, and the substantivit^", like the color, can be largely 
predicted from the constitution of the dye. The number and types of 
the aromatic nuclei, the number and positions of the azo groups, and the 
positions of the amino and/or liydroxyl groups determine the number 
and types of resonance structures, ami in cfmseciueiK'e the color of the dye 
(see Chapter ^T1I'). If in addition we take into account the number and 
positions of tlie sulfonic groups, the substantivity of the dye can be 
broadly gauged. Ruggli® and Schirm^^ have reviewed the structural 
featur(‘S of azo dyes which are favorable to substantivity towards cotton, 
and they have also carried out extensive synthetual experiments in this 
connection. 

The azo group is a powTiful aid to substantivity and it can apparently 
function in several w’ays in the attachment of an organic molecule to 
cellulose. Substantive azo dyes may be assumed to have the trans 
configuration, although all azo dyes may not be trans in configuration 
and the variations in substantivity from dye to dye may in part be 
ndated to configurational differences. By the introduction of two or 
more azo groups in 1,1-positions we have elongated molecules, which can 
align themselves with their long axis parallel to the long axis of the 
cellulose chain, and which are attracted to cellulose by dipole-dipole and 
van der Waals forces. Hydrogen bonding can occur between the cellu- 
lose hydroxyls and the azo groups, or between the cellulose hydroxyls 
and amino or hydroxyl groups in the dye, as suggested by various 
W()rkers and shown in (III), (IV), (V) and (VI). Direct cotton dyes 
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are mostly o-hydroxy or o-amiiioazo compoimdH, in whicli chelation 
assists the planarity of the molecule and its adherence to the cellulose 
chain; further, the formation of a chelate hydrogen bond between the 
azo and o-hydroxyl or o-amino groups facilitates the foimalion of a 
hydrogen bond between the oxygen or nitrogen atom of the hydroxyl or 
amino groups in the dj^e and a hydroxyl group in the cellulose molecule, 
as shown in (VII). 

A single azo group is inadequate for the production of the substan- 
tivity necessary for practical dyeing, unless oihor groups favorable* to 
substantivity are also present Nearly all the azo direct cotton dyes 
contain tw’o or moie azo groups; and the few substantive monoazo dves 
owe their substantivity to specific constitutional factors such as Ihnizole 
rings or amide groups. Thus the dyes obtained by coupling diazoti/ed 
dehydrothiotoluidine (one thiazole ring), Primulin(;,(two thiazole ring^) 
and Primuline K (three thiazole rings) respectively with Il-acid po^sess 
approximately the same substantivity for cotton in spite of their diffeienl 
molecular WTights,®® although it is sometimes suggested that substan- 
tivity increases with molecular w'eight. Ruggli®* prepared a series of 
‘‘homologous azo dyes” by coupling the necessary number of molecules 
of J-acid by the scheme [J-acid— > (J-acid)n J-acid] The products, 
represented by .1, 2.1, 3J, 4J and 5J, had molecular w’eights ranging from 
260 to 1349, but as each component contained a sulfonic group, the 
solubility was not affected. The disazo dye was more substantive than 
the monoazo dye, but further increase in the molecular weight was not 
advantageous. 

Dyes prepared by tetrazotizing benzidine and its derivatives and 
coupling them with two molecules of the same or different coupling 
components are well known for their substantivity. Tables IV and V 
reproduce the experimental results of Griffiths and Neale on the relation 
between constitution and substantivity in a series of benzidine dyes.*^ 

•‘Levi, Otom. chim. ind, appL 4 , 62 (1921). 

“ Ruggli et oL, Helv. Chim, Acia 14 , 127 (1931); 16 , 858, 873 (1933). 
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The absorption values are expressed as g. of dye taken up at equilibrium 
by 100 g. of dry cellulose, using dye liquors consisting of 0.05 g. of the 
pure dye and 5.0 g. sodium chloride per liter and maintaining the tem- 
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perature at 90°. The apparent diffusion coefficients®^ are given in cm.* 
per minute. The dyes in Table I are prepared from benzidine and four 
of its derivatives, the coupling component being naphthionic acid. The 
icMilts therefore indicate the effect of substitution in the benzidine 
nucleus on the substantivity of the disazo dyes. Except for the dye 
fiom m-tolidiiie in which the effect of substitution in the 2,2'-positions 
is a marked lowering of substantivity, the absorption is of the same 
order, alkyl substitution in the parent diamine increases the aubstan- 
tivity while chlorine and methoxyl have the oppo.^.ie effect. The dyes 
in Table V are prepared by tetrazotizing and coupling the same diamine, 
o-dianisidine, with two mules of varied end components; for Azo A iolei 
one mole each of two different end components is employed, and the dye 
IS therefore a structural cross between Benzopui purine lOB and Benzo- 
azurine G. The replacement of one and two amino groups by hydroxyl, 
which has an incmasingly bathochroraic effect, progressively lowers the 
f^uhstantivity. This is coriMstent with the view that the degree of sub- 
slantivity is a function of the strength of the hydrogen bonding, which 
in turn wdll be determined by the availability of unshared electrons for the 
purpose. The observed effects are ii lino with the fact that ammonium 
^'onipouiids are more stable than oxoiiium eompounds. The behavior of 
Benzopurpurinc towards acids (red — blue) and of Benzoazurine G 
towards alkali (blue red) is of interest in this connection. 

The favorable effect of the halogen atom on substantivity is seen 
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from the absorption data for Brilliant Azurine B; and it has been observed 
in other groups of dyes, the leuco compound of tetrabromoindigo for 
instance being much more substantive than leuco indigo. The influence 
of the sulfonic groups, as evident from Talilc II, is discussed later. 

The introduction of an additional amino group in the end component 
(cf. Diamine Blue AZ and Chicago Blue B) has no effect on the sub- 
biaiitivity to cotton, but it leads to a large increase in the substantivity 
to viscose, because of the acidic character of viscose in comparison with 
native cellulose, owing to some oxycellulose formation and higher car- 
boxyl content. 

The specific viscosity of inethylcellulose in aqueous solution is 
increased by the addition of substantive dyes of the Congo Red type, 
apparently because of the formation of methylcellulosc-dye complexes.®' 
The dyes which arc most effective in increasing the specific viscosity are 
those which have the amino groups on one side and the hydrophilic 

....qq_k=hhQ^^^n=n-QQ....z 

groups on the other side of the Z plane of the molecule as in Congo Red 
and Ikuizopurpurine IB. The activity is reduced as the number of 
hydroxyl and sulfonic groups is increased. Valko has stated that the 
distribution ot dipole character over the whole length of the dye molecule 
and at right angles to it is favorable to substantivity. An examination 
of the direct cotton dyes of the azo class and of the anthraquinonoid vat 
(lyes reveals that a factor favorable to substantivity is molecular sym- 
metry. Thus Congo Corinth and Congo Red are more substantive than 
the less symmetrical Congo Rubine.’ 

When dyes containing an asymmetric carbon atom are applied to 
^^ool. silk or cotton, there is no difference in the absorption rates of the 
optically active forms and there is no resolution of the racemic com- 
pound.®® Brode and Brooks®® prepared optically active and racemic 
dyes, possessing molecular rather than atomic asymmetry, by tetrazotiz- 
ing the active and racemic forms of 2,2'-diamino-l,l '-dinaphthyl and 
coupling with phenyl-J-acid ; dye-trials showed that there is no selective 
absorption of the dyes. Earli('r work had led to the conclusion that the 
active isomers of optically active dyes have the same physical properties, 
including adsorption by inert and active materials, absorption spectra 
and fastness to light. 

" Ceiitola, Bicerca sci. 11 , 905 (1940). 

"" Adams and Brodo, JACS 48 , 2103 (1926). 

Ibid, 68 , 923 (1941). 
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The substantivity of benzidine dyes has been asciibed to then exist- 
ence m approximately straight-hne threadlike form capable of attach- 
ment to the straight chains of the cellulose molecules; and there is d 
similarity in form in the space models of benzidine and allied groups oi 
dyes and those of cellulose and cellobiose The scale drawings of the 

•• Meyer and Mark, Dcr Aufbaii der horhpolymereu orgamschen Naturstoffe, Ak i- 
demische Vcrlagsgesellschaft, T^eipzig, 1030 
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molecules of five substantive disazo dyes of different types in Fig. 7 
illustrate their flat elongated character and their very rough similarity 
to the cellobiose units in the cellulose chain-molecule. However, an 
inspection of the scale drawing (Fig. 8) of Chlorantine Fast Green DLL, 
a dye which is derived from cyanuric acid and has excellent substantivity 
for cellulose, clearly shows that a substantive dye molecule need not be 
elongated or threadlike in the sense of the l)cnzidine dyes. More 
examples are cited later, and it is necessary to emphasize the point that 
all substantive dyes are not ^^long, linear, and planar dye molecules” as 
stated so frequently.*’* The essential recpiirement, so far as azo dyes 
are concerned, appears to be that the groups capable of hydrogen-bonding 



Fig. 8. Scale flrawiiiR of Chloraiitino Fast Green BLL molecule 

an* so disposed that attachment with the hydroxyl gioups of the repeating 
cellobiose units in the cellulo.se molecule becomes possible. A minimum 
of two hydrogen bonds is apparently necessary for a relatively stable 
union of dye and ccllulo.se, and the hydrogen-bonding groups in the dye 
molecule may be spaced at about 10 11 A to conform to the repeating 
units in cellulose; but as seen from the drawings of the five dye molecules 
in Fig. 7, considerable flexibility in this regard is permissible because of 
the large number of hydroxyl groups in cellulose. An observation of 
interest from the point of view of the size and shape of dye molecules and 
their substantivity for cellulose is that, when cotton is dyed with a mix- 
ture of Diphenyl Fast Red 5BL Supra I (Geigy) and Chlorantine Fast 
Green BLL and then soaped, the immature fillers remain preferentially 
dyed green and the mature fibers pink.®®® The difference is apparently 
Goldthwait H ah, Textile World 97, 105 (1947). 
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associated with the larger size and less linear shape of the green dye and 
the greater availability of space in the less oriented immature fibers. 

The substantivity of benzidine dyes is destroyed or considerably 
diminished if there are wi -substituents, but the substantivity is restored 
if the m-substituents form a ring as in 3,6-diaminocarbazole or benzidino 
sulfone. Reference has been made earlier to the difference between 
Benzopurpurine 4B and its analog from m-tolidine in their aggregation 
in a(]ueou8 solution at different temperatures. Hodgson"^ has suggehte<l 
that the disappearance of substantivity is due to the non-coplanar chai- 
acter of the 2,2'-suhstituted diphenyls; and he has postulated a coplanai 
configuration of the aromatic nuclei as a necessary condition for the 
production of substantivity in a dye molecule. The coplanarity hypoth- 
esis finds support in the nonsubstantivity of dyes from 4,4'-diamino 
dibenzyl and diaminodiphenylmethane in contrast with the substantive* 
dyes from diaminostilbene and diaminoazobenzenc. The necessity foi 
planarity in a dye molecule for attachment to the cellulose chain is, how- 
ever, by no means clear and we are not yet in a position to define the 
nature and extent of the relationship between the planarity of dye 
molecules and their affinity for cellulose; there is no th(»on‘tical difficulty 
in picturing the attachment of large molecules, which are not completch 
coplanar, to cellulose chains in the amorphous region'^ of the fiber Any- 
how, some of the available data on the substantivity of dyc.s cannot be 
reconciled with any simple statement connetding planarity and sub'^taii- 
tivity. Disazo dyes from 4,4'-diaminodiphenyls^lfid(' are wh)o 1 fives, 
w'hich are unsubstantive to cotton, but with a slight adjustment in the 
C— S bond angles, these dye molecules can be planar. 4'here are on the 
other hand several recorded instances of non-planar dyes wdth substan- 
tivity for cotton. Sen and Radasivam** have noticed that the dye (VI 11) 



from tetrazotized 2,2'-bishydroxymethylbenzidine and 2-napht hol-fi- 
sulfonic acid ^ substantive. The significant factor in this dye is prob- 
ably the hydroxyl in each of the groups in the 2,2'-positions; the hydroxyls 
might anchor themselves by hydrogen bonding to the alcoholic groups in 

Work, Textile Research J, 19, 392 (1949). 

J. Soc» Dyers Colourists 49, 213 (1933). 
w J. Indian Chem. Soc. 9, 403 (1932). 
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suitably situated cellulose chains in the disordered regions of the fiber, so 
that a complicated molecular network between dye and cellulose develops. 
The second example is a new class of substantive azo dyes described by 
Allen and Pingert,®^ which are derived from 4,4'-diamino-o-terphenyl 
(IX) and which bear a structural resemblance to the disazo dyes from 



4, t'-diamino-c 2 .s-htill)ene (X). A non-planar configuration has been 
reported for o-diphenyl benzene,®^ and the disazo dyes from (IX) cannot 
he planar. A third anomalous example is the si bstantivity of the dyes 
obtained l)y coujding iodinated diarninodiphenylmethanes with Chicago 



and. The dye (XI), in which the benzidine component cannot be planar, 
is a brownish black dye for cotton.®*^ Acid anthraquinone dyes, prepared 
by the condensation of l-bromo-l-aminoanthraquinone-2-sulfonic acid 
(Xll) with aromatic amines and normally employed as wool dj'es,®® 
ac(juirc substantivity for cotton if an azo group or an ami<le group is 
present in a suitable position in the amine component. Examples of 
Mich amines arc (XIII), (XIV) and tXV). 

“‘ •A Otq, Chem. 9 , 50 (191 1). 

dews and Tx)n8dalo, Proc. Roy. Sor. London A161, tOiJ (1937). 

Markuah, Miller and Phaniia-f^licmical Corp., USP 2,164,932. 

See Clhaptrr XXIX. 
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(XIII) 


H,n/ \NHCOCH=CHPh 
^ (XIV) 


Tn order to test the validity of the hypothesis that for a dyestufi to 
have substantivity for cotton it must have an elongated linear structure 
so that it may lie adsorbed along the threadlike cellulose molecule, Ruggli 
and Lang®' prepared dyes from the vis and (runs forms of 4,4'-diainin()- 
stilbene (X) and (XVl) by tetrazotizing and coupling with naphthionic 
acid and N\V-acid. If a linear configuration were essential, only (X\ I) 



CII=ClICONHAr 

(XV) 



(XVI) 


should give substantive dyes. A(*tually the dyes Irom (X) \\erc not 
substantive than those from (XVl). Reduction of the dyes to the origi- 
nal m- and ^rans-diamines showed that no rearrangement had taken 
place during coupling. The dyes from the cis-diamine gave absoiption 
bands nearer the violet end of the spectrum TJie deeper color ot the 
dyes from the /rar^-stilbene is in accordance with expectation; in the <?s 
molecule, the orthe hydrogen atoms wdll prevent a planar arrangement 
of the molecule and inhibit the optically important resonance. 

It is only for a comparatively small number of compounds that the 
planarity of the molecule has been investigated by the X-ray diffraction 
or electron diffraction method. Thus the molecules of oxalic acid, luea 
(except for the hydrogen atoms), diphenyl, terphenyl, quaterphenyl, 
diphenylacetylene, p-benzoquinone, 1,3,5-trinitrobenzene, naphthalene, 
anthracene, chrysene, cyanuric triazide and the i)hthalocyanines have 
been shown to be planar. It has been calculated from a precise 
electron diffraction analysis of diphenyl®® that the separation of the 
2- and 2'-hydrogcn atoms in a coplanar diphenyl molecule would he 
1.84 A, and sipce the nearest approach of hydrogen atoms in different 
molecules is 2.0A, energy is required to force the diphenyl molecule mto 
coplanarity. Crystals of /ran.v-stilbene and /ra^is-azobcnzene contmn 
two sterically different molecules, half the molecudes being planar and 

Helv, Chim. Acta 19, 996 (1936). 

*• Karle and Brockway, JAC8 66, 1974 (1944). 
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half nonplanar. Scale drawings of dye molecules, employing standard 
bond lengths, bond angles and van der Waals radii of atoms and groups,®® 
are useful in judging their planarity. Thus the drawing of the o-ditolyl 
molecule (Fig. 9) indicates the overlapping of the radii of the methyl 
group and the hydrogen atom in the positions adjacent to the diphenyl 
linkage, as a result of which the molecule is distorted from planarity. 
The introduction of methyl group.s in the 2,2'- and 6,6'-positions of the 
benzidine nucleus in benzidine dyes inhibits coplanariiy and has a marked 
effect on the absorption spectra.*®® The steric inhibition of resonance 
has a hypsochromic effect on color,*®* and color and 
substantivity thus run parallel to each other so far a.'* 
the effect of coplanarity is concerned; with the same end 
components, the diamines which yield substantive 
disazo dyes also give deeper colored dyes than the dia- 
mines which yield unsubstantive dyes.*®^ Another con- 
scttuence of the distortion from planarity is a reOuction 
in the interpenetration of electronic orbitals, resulting 
in a ma^'ked lowering of the iutensit}’' of absorption 
In attempts to relate substantivity to the planarity 
of dye molecules, a decrease in the intensity of f^iyi nioleculo 
absorption and a weaker dj'^eing produced m con- 
sequence should not be confused with a decrease in substantivity. 
Much more extensive and accurate data on tlie geometry of dye mole- 
cules, their light absorption characteristics, and their substantivity as 
determined by direct measurements of the absorption of the dyes by 
cellulose, will have to be accumulated before a general theory of substan- 
tivity in relation to planarity can be postulated Brooker has recently 
made a very interesting study of .steric hindrance planarity in a scries 
of cyanine dyes, and has shown that the absorption maxima can be shifted 
to longer wave lengths as a result of ‘‘crowding” the two nuclei of a 
cyanine out of a common plane;*®® this results if the effect of the crowding 
substituent is to lower the .stability (or the resonance energy) of the 
dominant structure. Tie has also touched on the connection between 
steric hindrance, planarity and molecular aggregation, and it will be 
remembered that the tendency of a dye to aggregate in aqueous solution 
Ks an indication of its substantivity. 

See Pauling, The Nature of the Chemical Bond, Coinell Univ Press, Ithaca, New 
York, 1940; see also Whcland, the Theory of Resonance, A\dt‘>, New York, 1944. 

Morris and Erode, JACS 70, 2485 (1948). 

*“* See Chapter VIII. 

See also Blumberger, Rcc. (rav. chtm, 63, 127 (1911). 

Brooker ei ab, Chem. Revs. 41 , ^25 (1947); see also Brunings and Corwin. JACS 
M, 693 (1942). 
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J-Acid derivatives. Many azo dyes of which J-acid is a component 
have good substantivity. The technically important dyes are disazo 
or trisazo dyes in which J-acid or iV'-benzoyl-J-acid is the end component, 
or disazo dyes from J-acid urea (carbonyl-J-acid) or di-J-acid. Tlie 
advantage of using J-acid, in contrast for instance to Il-acid or 7-aci(l, 
as an alkali-coupled middle component in the preparation of disazo dy(‘s 
for cellulose is that the structure of the dyes is linear. In a quantitali\e 
study of the substantivity of azo dyes derived from J-acid, Ruggli and 
Leupin'®* have observed that the substantivity of J-acid dyes is not so 
general as hitherto assumed. Certain substituents, such as an A'^-acyl 
group, anil indeed the whole combination of components, are important 
Substantivity and power of diffusion are opposed to one another. Tin* 
monoazo dyes (A— > J-acid) are not substantive, and the valin* of M, 
which Ruggli regards as the threshhold value for sul^stantivity defined l)v 
his procedure outlined earlier, is attained by the dye (aniline^ — > m- 
ami nobenzoyl- J-acid). Even the disazo dye (aniline ciirl)onyl-J- 
acid ^ aniline) docs not approach the substantivity of Congo Red. Th(» 
most substantive dye among those examined by Ruggli was the disa/o 
dye (dehydrothiotoluidine J-acid —> J-acid), which is not used t ('cli- 
nically. In the commercially valuable J-acid dyes, p-aminoacetainlidc 
is one of the frequently used diazonium components 

Amide groups. Carboxyamide (-CO-NH— ) groups are favorable 
to substantivity as illustrated by the increased substanthity of chi'" 
from A"-benzoyl-J-acid and the urea from J-acid. Jlie amide group is an 
important feature of the arylides of hydroxynaphthoic acid and tlic 
acylamidoanthraquinones. Enolization to - C(CII) N - and conjuga- 
tion w'ith other double bonds in the molecule have been suggested by 
Schirm as strengthening the auxiliary valency forces at the end of tin* 
conjugated chain, leading to increased adsorption of the elongated d>c 
molecule on the cellulose molecule. Schirm relates the substantiMlv 
of urea derivatives to ‘‘half enolization'' of the urea group. There is no 
justification, how’ever, for assuming such (jnolization and the availaldc 
evidence is in fact in favor of the amide, rather than the imido-cnol struc- 
ture. The infrared absorption spectra of a number of simple ainidc.'^ 
show that they exist predominantly in the ketonic form wdth exlensnc 
association due to hydrogen bonding. Krzikolla and Eistert^^*® pic-, 
tured the union between dyes containing CO—NH— groups and cellulohC 
as follows: 

Helv. Chim. Acta 22» 1170 (19119). 

Richards and Thompson, J. Chem. Sor. 1248 ( 1947 ). 
prakt. Chem. 148 , 50 (10.35); Ann 656 , 91 (1944). 
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Ar‘— C=N— Ar 


anikle resonance (X\ II A and Bj, reinforced by resonance interaction 
w'lih conjugated systems, would appear to favor affinity for cellulose. 
The tendency of the “CO -Nil - group, with its unshared electron pairs, 

Ar» — C-NH“Ar- Ar^— C=NII-Ar* 

II I 

(XVII) :o: :o:- 

(A) (B) 

lo impart to a dye molecule the prop(M*ty of ready attachment to cellulose 
is understandable in view, for instaiuas of the affinity of amides and 
anilides for water with which they tend to form complex aggregates. 
For a clearer umlerstiuiding of the role of the amide group in the affinity 
of dy^’^ tV)r (*ellulose, data on the configuration and dimensions of the 
amide group will be useful. 

Among azo dyes from J-acid, increase in the number of — CO-NH- 
groups enhances substantivity. The azo dyes from (XVllI) and the 
corresponding azoxy compound have strong affinity for cotton.^®* A 
triple amide group can Uv obtained by interaction of amines with cyanuric 
chloride, and this reaction has be(‘n used for the iwoduction of high sub- 
stantivity (see duipter XVI). 


HO (XVIII) OH 


Amides derived from a,/[^-unsaturated acids are especially substantive. 
Kxcellcnt aftinit}'^ for cotton has been claimed for the monoazo dyes 
in which the diazonium component is mono-cinnamoyl-p-phcnylcno- 
diamine and the coupling component is an .V-cinnamoyl-H-acid or 
-J-acid.^®* Saturation of the double bond destroys the substantivity. 

A good example of the influence of the amide group on substantivity 
is provided by the acylamiiloanthraquinones. While anthraquinone 
and the aminoanthra(iuinones can be v^atted, the alkali salts of the leuco 

Ussettre, Chnu, lia^s. 20, 250 (1037). 

IG, DRP Anm. 1. 35,089. 

Dents, llydricrwerko, BP Appl. 2105, 1033. 
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compounds have no affinity for cellulose; but the leuco derivatives of the* 
benzamidoanthraquinoncs (especially the benzoyl derivatives of 1,4- and 
1,5-diaminoanthraquinones) have enough substantivity for practical 
dyeing, although the substantivity represents about the minimum among 
the commercial vat dyes for cotton. The dyeing property of the leuco 
derivatives of anthraquinoncs carrying aeylamido groups in one or more 
of the a-positions is partly concerned with the resonance of the amide 
group and its ability to provide points of attachment between dye and 
cellulose, but there must be other factors, since similar jS-compounds 
have much less substantivity. The absorption spectra of a- and jS-benz- 
amidoanthra(iuinones show that, as in the amines themselves, the a-coni- 
pound absorbs at longer wave length in the visible region and the intensity 
of absorption is also slightly greater. The leuco derivative of a-benz- 
amidoanthraquinone in alkaline solution also absorbs in the visible region 
at longer w’ave length and more intensely than the /j-isomer. Hydrogen 
bonding between the NH group and the adjacent oxygen atom in the 
anthraquinone nucleus, which can be postulated only for the a-com- 
pound, may be concerned in these differences between of- and i^^-benz- 
amidoanthraquinones. * 

An interesting example of a colorless substance in which substan- 
tivity is secured by the multiplication of amide groups is Dia/o Light 
Yellow 2G (see Chapter XII). Colorless stilbene derivatives, such as 
Blankophor II (see Chapter XX), have affinity for cellulose 

Sulfonic groups. Multiplication of sulfonic groups increases water 
solubility and leveling power, but usually reduces substantivity. The 
dyeing properties also depend on the position of the sulfonic groups w'lth 
respect to the azo groups. The influence of both the number and the 
position of the sulfonic groups is clear from the results recorded in 
Table V. All the dyes containing four sulfonic groups exliibit a lower 
order of absorption than the disulfonic acids. Comparing Benzoa/iUrine 
G and Diamine Blue AZ, the shift of the sulfonic group in the end com- 
ponent further from the point of attachment of the azo group increases 
the substantivity considerably. Schirm’^ hawS suggested that, if sulfonic 
groups are so situated that the polarity is distributed uniformly along 
the molecule and perpendicular to its length, substantivity is favored 
the dye molecule can then attach itself parallel to the cellulose cluiin 
with the hydnophilic sulfonic groups in a perpendicular direction away 
from the fiber."®* The attachment of the Congo Red type of dye to 
Rao and Sunthankar, unpublished work. 

oo* Vickerstaff in Ref.* la cites the increase in the hygroscopicity of cotton on dyeing 
with a direct dye as proof for the view that dye molecules lie along the cellulose 
chain with the plane of the aromatic rings at right angles to the plane of thf 
glucose rings and the solubilizing groups directed towards the aqueous phase. 
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The azo group is potent for substantivity, and the mere multiplica- 
tion of azo groups in 1,4-positions is adequate for the production of tech- 
nically valuable direct cotton dyes, if the solubility is controlled within 
desirable limits by the introduction of sulfonic groups in suitable posi- 
tions. Thus there are disazo, trisazo and tetrakisazo dyes in the com- 
mercial range (e.g., Brilliant Benzo Green B, Naphthogen Blue 2R and 
dyes mentioned in Chapter XV) which arc prepared by the scheme (A ~ > 
M' — > E) and which do not employ specific intermediates for suh- 

stanlive dyes, such as benzidine and J-acid. 

Sulfur atoms. According to Ruggli,® sulfur atoms in any form lead 
to substantivity, but a restriction to ring systems containing sulfur \N<)uld 
be more justified. Thus the disazo dyes from 4, l'-diaminodiphen\l 
sulfide are not direct cotton dyes, but a(*id dyes for wool, rrimuline, 
Naphtol AS L4G and some of the sulfurized anthraciuinonoid vat colol*^ 
containing thiazole rings, and the greater substantivity of leucothio- 
indigo in comparison with leucoindigo, are relevant examples. J.eiico 
compounds of sulfur dyes are substantive, and in the few sulfur d\es ol 
which the constitution has been determined, part of the sulfur is in the 
form of thiazole or thia/inc rings. Thiophenolic groups produced by 
reduction of disuHide bridges with sodium sulfide contribute to the 
substantive effect 

Substantivity is aided not only by sulfur-containing rings, but abo 
by the pyrazolone and other heterocyclic systems. The substanlhity 
of compounds of the Naphtol AS and Naphtol AS G type, for instance, 
may be increased by the introduction of heterocyedic rings, and various 
examples have been cited in Chapter XXI 1. 

Condensed polynuclear systems. Among dyes of a given type the 
substantivity increases from the benzene to the naphthalene, anthracene 
and the more complex polynuclear aromatic systems. The leuco com- 
pounds of many of the anthraquinonoid vat colors in alkaline solution 
are characterized by good substantivity to cellulose. The leuco com- 
pounds, for instance, of <libenzanthrone, its l(),17-dimetlio\y derivatne 
and isodiben/anthrone are highly substantive. It will be remembered 
that both the wave length and the intensity of maximum absorption 
increase in the order benzene, naphthalene, anthracene, etc.; and it is 
probable that the resonance of the molecules with which the absorption 
characteristic9^ are associated^®^ is also involved in the substantivity of 
the dyes derived from these ring systems. Largo flat molecules in solu- 
tion have a tendency to polymerize face to fa(*e owing to an electronic 
resonance between the molecules, as indicated sometimes by the develop- 
ment of a z band in the absorption spectra and aromatic hydrocarbons 
are increasingly able to form addition compounds (e.g. with picric acidj 
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as the size of the ring system increases. The larger polarizability of the 
larger ring systems enhances the possibility of interaction between dye 
and cellulose. Although it has been suggested that the main mechanism 
by which dye molecules are attached to cellulose is the hydrogen bridge, 
it is now apparent that, even in the absence of such bonding, the disper- 
sion forces and the electrostatic forces due to the permanent dipoles in 
the cellulose and dye molecules would be sutlicient to account for the inter- 
molecular attraction between cellulose and dyes, such as the Icuco deriva- 
tivTS of the anthra(iuinone vat dyes, containing condensed polynviclear 
aromatic ring systems Hydrogen bonds bet w(*(ai the cellulose hydroxyls 
an<l the oxygen atoms of the (piinone groups in the dyes after oxidation 
of the Icuco compounds to the ])arent anthraipiinoinxs are not, however, 



Fig 10 Scale* (IroMiig of ('.iIcmIoh Jade* (in*(*n molcnilt* 

excluded. The greater the number of benzenoid rings in the condensed 
ling system, the larger will be the resonance energy, and one effect of 
resonance will be coplanar conlig\iration of the molei'ules. The leuco 
derivative of l(),17-dimethoxydibenzanthrone (Caledon Jade (IreenJ is 
highly substantive, but we have no data on the planarity of the molecule, 
'rhe overlapping of the van der Waals radii of the ^ c inal melhoxyl groups 
is clear from the s(*ale drawing of the molecule in Fig. 10 , but h('(‘ause of 
the great tendency of polynuclear aromatic ring systems to assume a 
planar configuration owing to the very high energy of n^sonance stabiliza- 
tion, it is probable that the molecule is forced into planarity by adjust- 
ments in the bond angles. Brooker's observation among the cyanine 
dyes, that by the introduction of groups which distort the dye moleeules 
from planarity the wave length of maxiiniim absorption is increased, has 
heeii mentioned,'®'*’®* The difference in the light absorption of dibenz- 
anthrone and 16,17-dimethoxydiben/anthronc is a similar example. The 
"'((Tie hindrance due to the l(), 17 -h 3 Irogen atoms in dibenzanthrone is 
greatly increased by the methoxyl groups in the same position in Caledon 
Jade (ircen, and since the additional energy reciuired for achieving 
planarity has to be deducted from the resonance energy, the dimethoxy 
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compound has its maximum absorption at a higher wave length than 
dibenzanthrone itself; dibenzanthrone dyes blue and the dimetho\y 
compound bluish green. At the same time, there is a reduction in tlu' 
intensity of the maximum wave length absorption of the dimethoxy 
compound. 

The older conceptions of substantive dyes as those possessing long 
thread-like molecules of approximately straight-line form, which were 
based on the benzidine type of azo dyes, must be modified in view of the 
constitution of the substantive leuco compounds of the anthraquinonc 
vat dyes. The affinity of a complex polynuclear dye containing a num- 
ber of qumone groups, such as Indanthrene Khaki probably involves 
the attachment of the dye molecules to several parallel cellulose units at 
suitable points, so that the dye molecules act as bridges or grids in a 
three-dimensional network A computation from available data indi- 
cates the dimensions of the flat Indanthrene Khaki GG molecule (assum- 
ing its tetracarbazole structure which is by no means certain) to be slightly 
over 16A along one axis and over 17A along the perpendicular axis; this 
dye would appear to represent the limiting size of a molecule, \\hich can 
migrate into the submicroscopic channels of cellulose fibers. Morton 
has found that ramie dyed with many vat ilyes exhibits little or no 
dichroism, exception.^ are C'aledon Yellow 5(1, Caledon Gold Orange lUl 
and Caledon Yellow 211.“^ In the reduced form the dyi^ngs show posi- 
tive dichroism.^- lie therefore concluded that the molecules of the sub- 
stantive leuco (‘(impounds are oriented by the cellulos(» molecules, but nol 
the oxidized dye molecule.s.^^ However, this cannot be regardtxl a^ 
proof that the dye mole(*ules are retained within the cellulose merely b> 
virtue of their insolubility. Incidentally, a chemical change has b(‘cn 
observed in cellulose dyed with vat and a/oic dyes in contrast to cellulose 
dyed with direct cotton dyes; the tcchni(iue employed is to strip the 
dye from the fiber by means of pyridine, dissolve the cellulose in cupram- 
monium hydroxide and examine the optical activity and viscosity of the 
solution. 

Angular configuration of condensed ring systems is a common feature 
of anthraquinonc vat dyes. Among the isomeric dihydroanthraciuinone- 
azincs, the product which possesses the substanti\dty necessary for prac- 
tical dyeing is indanthrone, having the 6zs-angular orientation. Other 
examples arc the Ms-acridone, Indanthrene Violet BN, and the carbazokxs 
from the 1,1'^-anthrimides. Bradley has drawU an interesting analogy 
between the relation of the structure of the higher aromatic hydrocarbons 

Preston in Ref. 52. 

Brass and Schreier, KoHotd-Z, 108, 155 (1944). 

Nature 187, 404 (1936). 
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to their carcinogenic activity and the relation of the structure of an 
anthraquinone derivative to the affinity of its leuco derivative for textile 
fibers. Among the hydrocarbons related to anthracene, those derived 
by attachment of alkyl groups or hydrocarbon rings to the 1,2- or 1,2,5,6- 
positions possess carcinogenic activity, while other orientations are inert 
with few exceptions. The same angular orientation of fused rings 
appears to be eciually significant in determining the dyeing properties of 
anthraquinone derivatives. While 1 ,2-bonzanthraquinone is a feeble 
vat dye, neither anthracfuinone nor naphthacenequinone has affinity. 
The 1,2-benzopyrene nucleus is e(|ually potent as a carcinogenic struc- 
ture or as a unit in the stru<‘ture of vat dyes. 1 ,2-Benzopyrene itself is a 
much more powerful carcinogenic agtmt than 1,2-benzanthracene or 
1 ,2,5,6-dibenzanthracene. Similarly, as vat dyes, 2,3,7,8-dibenzopyrene- 
l,G-quinone (/ran.s) is much more substantive than 1 ,2-benzanthraquinone, 
and more than the m-compound (2,3,(),7-dibenzopyrene-l,8-quinone). 
Although there is no evidence of chemical interaction in carcinogenesis, 
Fiow^er has shown that the carcinogenic hydrocarbons have a remarkable 
tendency to undergo substitution reactions, and a particularly striking 
instance is the ability to couple with diazonium salts."'** Wheland and 
Pauling ha\T correlated the rea(‘tivity of aromatic systems with the 
TT-elcctron distriliutions in the molecules."^ Attempts have also been 
made to correlate the carcinogenic activity of polycyclic aromatic hydro- 
carbons with an optimum density of 7r-ele(‘trons in certain positions."** 
These i*onsiderations are of interest in studying the relation between the 
structure of anthraquinone vat dyes and the affinity of their leuco com- 
liounds for textile fibers. 

Carrying out the first (piantitative study of the absorption by cotton 
of vat dyes from alkaline solutions of their leuco < (impounds, Geake has 
correlated the effect of pyridine in diminishing thi absorption with its 
effect in raising the redox potential of the system formed by the solution 
of the leuco dye in cciuilibrium with the solid o.xidized form."* 

The conversion of leuco vat <lyes into the sodium salts of the sulfuric 
esters (Indigosols and Soledons) greatly reduces the substantivity. The 
reduction in substantivity may be correlated with the change in the 
colloidal and electrochemical character of the solution, as well as 
the restraining influence of the sulfuric ester groups on the resonance of 
the molecules. Among the Indigosols and Solcdons, the anthraquinone 

C'ook ei al., Proc. ffo//. Sor. London Bill. 455, 485 {VS^2)] B117, 318 (1935). 

“•See p. 838, ref. 395, Chapter 111. 

JACS 67, 2091 (1935); see also l^nguct-Iliggins and Coulsoii, JCS 971 (1949). 

Pullman, Ann, chhn. 2, 5 (1947); Pullman and Pullman, Eiperieniia 2, 364 (1946). 

TextUe Inst, 40, T57 (1949) 
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derivatives have in general higher substantivity than the indigo and 
thioindigo derivatives, and in each group the substanlivities run roughly 
parallel with those of the vats of the parent dyes. 

Sulfonic acids of some polycyclic compounds have enough substaii- 
tivity for cellulose to be used as cotton <lyes. Examples are the hla- 
oxazines and fluorindenos mentioned in C/hapter XXV. The polycyclic 
anthraquinonoid vat dyes, such as diben/ianthronc, are substantive luit 
merely in the form of their leuco derivatives, but they also exlnbij 
appreciable cotton affinity when lluy are sulfonated.^-*^ 

Siilfonated phthalocj'’aninos are substantive to cellulose fibers. While 
the ammonium, sulfonium and oxonium salts normally us(*d as basic dyes 
have little or no affinitj' for cellulose, basic dyes derived from phthalo- 
cyanine have been pn»pared which are substantive to cellulose. Even 
the tetradia/ionium salts from tetramino])hthalocyanines possess affinity 
for cellulose, and this is doubtless associated with the flat planar charac- 
ter and the complete aromaticity of the phthalocyanines (sec Chapter 

xxxvn). 

The Affinity of Dyes for Wool 

The physical properties of the wool fiber liave been described earla*i 
(see Chapter VI). ('hemically, wool is a })rot(Mn belonging to the large 
group of keratins, characteri/ed by their yielding the sulfur-containing 
amino-acid cystine as a pifiduct of hydrolysis The nitrog(*ri content ot 
wool keratin is about 17V( nnd the sulfur content is vaiiable within the 
limits of 2.0 to bo^J. Wool is in fact much mofe variable in its com- 
position than the cellulo.se libers, not only in dithaenl wools, but also ui 
ditTercnl parts of (he same fiber, although the ess(»ntial chemical (‘harnc- 
ter is representative ot keratin as a protein tyi)o. Acid dyes stain the 
cortex more h(*avily than the medulla, and the revcTse etfect is olilainod 
with basic dyes.^^‘ While wool and .silk are bolli polypeptides of the 
general form 

W H* 

1 i 1 

—CO -N II -Cl I -( H )— N n— c: H— CO- X H— C 41— 

wool has a much more complex chemical constitution since there arc 
wdder variations in tlie side chains K. Silk fibroin is composed mainh'' of 
four amino acids, glycine (13.8^/^), alanine (2(). t%), serine (12.0%), and 
tyrosine (10.(i^%), w^hich total 93.1 g. per 100 g. fiber; eleven other anuno 
acids make up 19 g.'^® F]ightcen amino acids have been identified 

Pandit, uiipuhli.shed work; .see also Ioffe, Kekkonen, and Kalita, J. Gen Ch(m 
r.S.S.R. 14, 816 0940. 

*** Stoves m Fibrous Protein.s, Society of Dyers and Colourist.s, 1046. 

Coleman and Hewitt in Fibrous ProtiMns, Society of Dyers and Colourists, lOtti 
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among the hydrolytic products of wool. Unlike silk, wool contains only 
..bout 20% of low molecular weight amino acids, and nearly 50% by 
\\(*ight of wool protein is in the side chains.'*® The amino acids of wool 
wliich mainly influence its chemical reactivity and dyeing properties are 
( Vstinc (12.7%); three acids containing basic side chains - arginine 
(10.4%), histidine (0.7%), and lysine (3.3%), hydroxylysine being 
present in minute amount (0.21%); two aminodicarboxylic acids— 
glutamic acid (15.3%) and aspartic acid (7.3%). Tyrosine (5.8%), 
s(‘rine (9.4%), and threonine (0.70%), which contain hydroxyl groups, 
inav pliiy J'' minor part in dyeing by hydrogen bonding with azo and other 
suitable groups. Nearly the whole of the sulfur in wool can be accounted 
for as cy.sline; methionine is present only to the extent of 0.71%. The 
nature of the side chains indicates that the keratin molecules are held 
together by means of covalent disulfide linkages, salt linkages between 
basic side chains (e.g. arginine and lysine) and acidic side chains (a.spartic 
and glutamic acids), hydrogen bridges, e.stcr linkages (e.g., between 

Arginine H-iN -Cf 

bysinp HaX— CH>ClbCH 2 t*Il 2 riI(MI>)--(YK)H 

Aspartic acid lIOOC-t^iraClKX H,) -(’OOIl 

(Uutaniic acid llOOt^ .rU(Xn >. -COOH 

serine and glutamic acid residues), and van der Waals for(*es of attraction 
between comparatively inactive .side chains. The polypeptide sheets or 
grids formed in this manner are further held together in bundles by 
hytlrogen bonding, as well as van der Waals forces. 

The fine structure of wool, like that of cellulose, consists of both 
crystalline and amorphous regions. A distinguishing feature of the 
wool fiber in comparison with cellulose or silk is that unstrctched wool 
(a-keratin) gives an X-ray pattern difTereiit from st^xiched w<.iol (/(J-kera- 
lin), the latter resembling the pattern for silk. If stivudied in cold water, 
the transformation is reversibh*, and when stretched wool is released in 
water, the X-ray photograph now corresponds to the unstrctched fiber. 
The identity period along the IUht axis in «-keratin is about 5.15A, and 
Hi i3-k(u*atin about (i.fiOA: the repeat is at 7A in silk. The a — ► f?-keratin 
transformation involves an extension «)f the polypeptide chains by about 
Some kind of coiling of the polypeptide chains in a-keratin 
has therefore to b(i assumed, but the precise nature of the coils is still 
controversial.'** 

Krom an analysis of the water adsorption isotherm. \t has been cal- 
culated that the fraction of wool which is inaccessible to water, and which 

Harris and Brown lu Fil)rous Proteins, Society of Dyers and Colourist.s, 1946. 

Cfmn. Revs, 32 , 195 (I94:i) See also Consden, (rordon. and Martin, 

Rm'hem. J. 44 , 548 (1949); Miziishima d al.. Xtiture 164 , 918 (1919). 
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is considered to be the crystalline phase, is a little less than half of the 
whole. The average diameter of the pores in water-swollen wool i« 3r, 
to 41 A, which is of the same order as the estimated pore diameter of cellu- 
lose fibers.'** The relatively small molecules of acid dyes readily enter 
and diffuse through the pores of the disorganized regions of the wool 
fiber when it is swollen by the action of hot water. The swelling increahos 
with increasing temperature, and the maximum absorption of dyes tak(‘s 
place at or near the boil. The dye molecules under these conditions arc 
able to migrate freely from pore to pore throughout the fiber, and level 
dyeing takes place. On cooling, the swelling process is reversed and tlu^ 
pores return to more or less their original size. If the dyed fiber is 
treated with boiling water, swelling again takes place, followed hy diffu- 
sion of the dye molecules or ‘Mfieeding^^ into the water. The compara- 
tively low wash-fastness of the level dyeing type of acid dyes on wool and 
direct dyes on cotton is therefore to be anticipated. The larger the dye 
molecule, the less freedom will it have to migrate to and from the inter- 
micellar spaces, and in general, the less will be the level dyeing character 
and the greater the fastness to av ashing. Speakinan and Clegg ha\o 
related levelling properties to the colloidal character of the dyes in solu- 
tion; the less the tendency to aggregate the greater the le\clling pover, 
the tendency of a dye to become colloidal in the at‘id dyebath increases 
with the molecular weight and decreases with degree of sulfonation 
Improved fastness to w^ashing, so far us this is concerned with the mechan- 
ical imprisonment of the dye within the fiber p^^revs, might conceivably 
result from an increase in the particle size of the dye by aggregation 
Azoic and vat dyes on cotton aggregate as a result of soaping, but there 
is no experimental evidence of acid dyes undergoing aggregation within 
the fiber in the usual method of applying acid dyes to w'ool, which merely 
consists in treatment with a boiling solution of the dye in presence of 
sulfuric acid and Glauber salt. On the other hand, acid dyes on wool 
have considerably higher washing fastness than direct dyes on cotton 
The fiber-dye attachment must therefore be of a more stable type* 
When a mordant dye is applied to wool in conjunction with chromium, 
there are two distinct factors which lead to a decrease in levelling power 
and an increase in washing fastness. The first is that a complex of 
chromium and the azo dye is formed, which is much larger in size than 
the unmetaUized dye. The second factor is chemical combination 
between fiber, dye and chromium. 

Hailwood and Horrobin, »Symposiuin of the Faraday Society on Swelling and 
Shrinking, 84 (1046). 

'■•Speakinan, Proc, Roy, Soc, Ijondon A182, 167 (1U31); Bpoakman and Clegg, J 
Dyers Colourists 60, 348 (1934). 



THE AFFINITY OF DYES FOR WOOL 


1299 


The existence of ionic bonds in wool between amino and (*arboxyl 
groups in side c^hains of neighboring keratin molecules provides a 
simple and essentially correct picture of the mechanism of dyeing wool 
with acid dyes in presence of an acid such as sulfuric acid. Hydrogen 
ions diffuse into the fiber and neutralize the anionic charges of the car- 
boxyls. Electrical neutrality is then maintained V)y the diffusion of 
anions into the fiber; the more mobile sulfate ions (from sulfuric acid and 
from Glauber salt) diffuse more rapidly into the fiber than the heavier 
dye anions. Both types of anions compete for tlie cationic charges of 
the ammonium groups in the fiber, and the amount of dye ultimately 
adsorbed depends on a variety of factors such as the affinity of the dye 
anions and the concentrations of acid and Glauber salt.^^^ 

Although the acid dyes are organic compounds of molecular weight 
of the order of several hundre<ls, the dye acid.s, which usually contain 
one to three sulfonic groups, are strong acids; Ka for many of them^^s i8 
J0~^ to 10“^, comparable to trichloroacetic acid and to sulfuric acid with 
respect to the dissociation of the second hydrogen. The capacity of 
wool for combination with hydrochloric and other simple acids provides, 
therefore, an indication of the (luantitativi* relationship between fiber and 
dye in dyeing wool with acid dyes. When wool is titrated with hydro- 
chloric acid, combination is complete at pll 1, when 80 milliequivalents 
of acid per 100 g. of dry w'ool have been absorbed.’^® The amount of 
combined acid may lie roughly correlated with the basic side chains of the 
a,€-diaraino acid (lysine), the guanidine derivative (arginine) and the 
imidazole derivative (histidine). The precise me(*hanism of the reaction 
between wool and acid is however by no means clear. One explanation 
has been in terms of equilibria involving the wool fiber with an internal 
ionic bond and w’ool in combination wdth an exten-al anion or a proton 
or both.**® (Silbert and RideaP®* consider this to be unsatisfactory, and 
derive an eciuation involving th<? potential on the fiber during adsorption 
of acid under various conditions. The Gilbert-Rideal equation has been 
found to hold for the system Orange II acid-w'ool.*’* The affinity of 
Orange II acid for wool is 10.3 kcal per mole at fiO®; 0 kcal are due to the 
H ions and the balance to the dyt‘ anions.'®- Using the measurements of 

Klod, Trans, Faraday So^' 31, 305 (1935). 

Ender and MUiler, M riband Textilbcr 18, 900 (1937), ‘<ee also ibid. 633, 732, 809, 
991. 

^peakman and Stott, Trans. Faraday Soc. 31, 1425 (1935). 

Stcinhurdt and Harris, J\ Research Nail. Rur. Standards U.S. 24, 335 (1940). 

Proc. Roy. Soc. London 18aA, 335 (1944); (lilbort. ibid. 183A, 167 (1944). 

^^loggy, Trans. Faraday Soc. 43, 502 (1947). The absorption of monobasic acid 
dyes by nylon can be accounted for by the Gilbert-Rideal mechanism; Remington 
and Gladding, JACS 72, 2553 (1950). 
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Speakman and Clegg, Cdlbert has found that among four pairs of d.\« s 
which differed in the replacement of a benzene by a naphthalene ring 
affinity increased by 1.1 -1.5 kcal. The introduction of an additional 
sulfonic group decreased the affinity by 0.9-1 .0 kcal.*®* 

Lemin and Vickerstaff^®* have defined the affinity of acid dyes for 
wool in tenns of the change in standard chemical potential of the dye 
during adsorption on the fiber. They have developed eijuations by 
which the affinity can be evaluated from equilibrium measurements of 
(a) the adsorption of free dye acids hy wool, (b) the displacement of dye 
anions from dyed wool hy inorganic anions, and (c) the competition 
between two dyes for the sites in the wool fiber. For the six dyes they 
studied the different methods yielded consistent affinity values; but thi‘ 
anion affinities of all the six dyes (the azo dyes Naphthalene Orange (i. 
Metanil Yellow YK, Coomassic lied (»; and the anthraquinone deriva- 
tives Solway ritra Blue B, Sohvay Purple R and Solway Blue 11) varnd 
only w'ithin the range —4.2 to —7.0 kcal, and they cannot be correlated 
with the differences in the chemical constitution or the dyeing properl 
and wash fastness of the dyes. Peters has studied the effect oi an alk>i 
chain on affinitj'' by measuring the adsorption of a series of dyes of two 
types containing an alkyl chain of incTeasing length: the affinity increuscMl 
almost linearly with chain length and the increment per methylene group 
w'as 400 cal in both types. 

Peters and Speakman have found 8000 to be* the average moleiuilai 
weight of the fraction of wool w^hich does not p;J^,^s into solution during 
treatment with ('hlorine peroxide to break the cystine cross-linkages^^* 
The presence of such short protein chains and the (*onse(pient availabiliiv 
of the terminal amino groups indicate an acid-combining capacity which 
is mucli larger than the ^alue of 80 milliefiuivalents per JOO g. dry w*)ol, 
which is obser\e(l by following the pll of the solution wdien wool is 
treated with acid, and which is accounted for by the basic side chains of 
lysine, arginine and histidine. By .studying the pTI value within the 
fiber w'hiidi can be calculated although it cannot be measured direc tly, 
Peters and Speakman find that even tlie side chains and the terminal 
amino groups taken together cannot account for the observed acnl- 
combining c'aiiacity; and they consider^®** that the Donnan membrane 

J. Sor Dyexif Colourists 63, 405 (1947). A generalized approach to the prohl''"i 
of the adsorption of acids, bases and dyes by the protein fibers is prcscntc'd In 
Vickerstaff in Ref. la; the treatments due to K14d, Speakman, (iilbeit mikI 
Rideal, and others are then derived and the difTereneos disciusscd 
Unpublished work quoted by Vickerstaff in Ref. lo. 

J, Soc. Dyers Colovrisis 66 , 63, 285 (1949); Dyer 99, 7\ (1948). 

See also Klcal, Trans. Faraday Sor. 29 , 327 (1933). 
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equilibrium provides a much more precise interpretation of the acid 
dyeing of wool than the Oilbert-Kidcal theory.*®^- 

While there is some evidence to show that the combination of wool 
with acid dyes is stoichiometric and corresponds to the combining 
capacity for simple acids, several facts .suggest a more complicated 
mc(*hanism for the acid dyeing process. One is the observation of 
.Vhtbury that X-ray analysis of wool saturated with acid dye sometimes 
shows the presence of free crystalline dye.*'*^'^ The dye anions do not 
penetrate the crystallites, but Speakman and Elliott have found that the 
crystalline phase of wool is relatively rich in amino acids with basic side 
chains.*®® They have shown tliat pheiiol-2. l.ti-trisulfonic acid combines 
us a tribasic acid with wand, so that electrical neutrality of the liber is 
achieved l)y polyvalent ions acting at a distance from some at least of the 
basic side chains of the liber. (Combination f)f wool with acid dyes may 
thus be stoichiometric in spite of the impenetrability of the crystalline 
])hase; the crystallites are penetrated by protons and an ecpiivaleiit 
number of dye anions are adsorVied on the surfac(‘ of the micelles to 
iichicve electrostatic balance. Such a system w'ould not be in accord 
with Pauling\s principle'®*’ that electrical neutrality has to be established 
locally on the smallest possible scale, but Speakman considers that 
micellar subdivision and the electron mobility in proteins*®^' might be 
the explanation. As a result, dye anions are present in the fiber partly 
by ionic binding with basic side chains in the amorphous pha^o, and 
partly by adsorption on the surface of the crystallites. Wool fibers may 
be more or less pi*rmanontly set (or maintained in the stret(*hcd condition) 
l)y stretching under the action of boiling water or steam, and X-ray 
examination of the setting properties of <lyed fibers has showm that the 
(ilier-dye combination has an orienlaiiiig influein e on the structure. 
Speakman suggests that this might arise from partiril subdi\ ision of the 
micelles, to which may also be a.M*ribed \hv tendering of wool when it is 
dyed very heavily.**’ **’ 'riie combination of wool with acids of high 

' ( \»titrast Kitfhoricr jiiul Alovamlor ,/ So( /)//</ ^ 66, 284 (1049'. Textile 

Risctirch J. 20, 20:4, 481 (lO.'iO) 

’’ Smith and IlaiTi.s, ./ Risiatrh \atl B'n V S i9, 8l (10S71 

Fihres nudrr thc' \-r:i\s, K'l vlhcstufK' 

' Spoakrnun and lOlliott, m Filtnms Pruttsii'' SocirtN i)f and ( olourists. 

1040. 

61, 1010 (1020). 

llarrer, %n Fibrous Frotems. Society of 1/.. cr.s and (Vdonnsts, 1040 
Denbigh, Naixire 164, 012 (1044). 

* < Joodall and Hobday, Soc. Du* rs Colourists 66, 520 ( lOSO) ; Steinhardt and Fugitt, 
•/. licscarch Nall. Bur. Slarultirds C.S. 29, ID5 (1042). 

’^’Skinner and VickerstafT, J. Soc. Duers Colourists 61, (1045). 
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affinity can result in considerable hydrolysis of amide side chains/^^ and 
although there are no grounds for believing that this takes place under 
normal conditions of dyeing, the high reactivity of the disulfide and 
amide linkages in a protein indicates that chemical changes in the wool 
fiber during dyeing cannot be altogether excluded. 

It is important to remember that the absorption of protons, as a 
result of which the wool fiber would acquire cationic activity and a con- 
sequent attraction for dye anions, is not a necessary step through which 
dyeing with acid dyes has to proceed, since there arc acid dyes which arc 
substantively absorbed at pH values higher than the isoelectric point of 
wool.’** The acid dyes vary widely in their substantivity to wool, jnst 
as there are marked differences in the substantivity of dyes to cellulose, 
and a relationship has been noticed’** between the molecular weights of 
a series of organic acids and their affinities for wool. While the absorp- 
tion of a dye such as Orange G (aniline— > (i-acid; M.W. 452). ^^hich 
forms a true solution in water, is very similar to that of hydrochloric acid, 
the colloidal dye Polar Yellow R (a pyrazolone dye containing a p-tolu- 
enesulfonyl ester group; M.W. 832) is absorbed at 100° to a mavimum 
extent of 140 milliequivalents per 100 g. of wool.’*® Although mechanical 
factors such as the molecular dimensions of the dycb in comparison with 
the pore diameters in the amorphous regions of the wool fiber may l>e 
involved, the character of the protein or mixture of proteins constituting 
keratin is sufficient to show that, apart from union by means of dnc'ct 
or long range ionic affinities, dye molecules carwittach themselves to 
wool by means of van der Waals forces or hydrogen bonding.’*® 

Alexander and Gharman’*®® have recently studied the adsorption b\ 
wool of a dye having a long hydrocarbon chain (Carbolan Grimson ilS, 
ICI; an alkyl derivative of Azo (Jeranine 2(iS or Kiton Yellou S, C\ 
637). The kinetic curves indicated an initial rapid, but limited, reaction 
which was followed by a much slower reaction. The magnitude of the 
initial adsorption was correlated with the surface activity of the solution 
the dye was located on the fiber surface which, being largely nonpolar, 
was an interface for adsorption of surface-active substances. 

Wool has affinity not only for acid dyes and basic dyes by virtue of the 
basic and acidic side chains in the keratin molecule, but like cellulose, 
wool has affinity also for the leuco compounds of sulfur dyes and vat <lycs, 
and for the anilides of o-hydroxy carboxylic acids in alkaline solution. 

‘^SSteiahardt, Fugitt, and Hams, J. Research Natl. Bur, Standards U.8. 26, 293 
(1941); 28, 191, 201 (1942); 29, 417, 425 (1942). 

Cf. Elod and Reutter, Melliand Textxlher, 20, 57 (1939). 

Cf. Valko, J, Soc. Dyers Colourists 66 , 173 (1939) 

Textile Research J. 20, 761 (1950). 
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The infrared abHorpfion spectrum indicates the occurrence of hydrogen 
bonds in proteins, and the basis for the structure of proteins in general is 
the formation of multiple hydrogen bonds between neighboring poly- 
peptide chains. The denaturation of proteins is due to the breaking 
of these cross-linkages and the absorption of dyes by protein fibers is in 
part a similar phenomenon in which the intermolecular hydrogen bonds 
between the keratin molecules are replaced by hydrogen bonds between 
keratin and dye. From this point of view it is clear that the presence of 
hydrogen-bonding group.s is a stnictural factor in a dye molecule which 
IS favorable to affinity for cellulose and protein fibers alike. 

Huggins, Ann. Rtv. Biochrm 11, 27 (1912) See also Rodebush, '‘The Hydrogen 
Hond'* tn Advances in Nuclear ('Iiemistry and Theoretical Organic Chemistry, 
Interscience Publishers, Ne>v Yoik, 1945; Hunter, Annual Repts. Chem. Soc. 
London A3, 141 (1910). 
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IDENTIFICATION, ANALYSIS, AND EVALUATION OF DYESTUFFS 

The identification of a commercial dyestuff as a known dye or mixluic 
of dyes is important for the users of dyestuffs, public analysts and chemi- 
cal examiners in customs laboratories. Because of the very large num- 
ber of dyestuffs marketed under a much larger num])er of nam(»s, tlie 
problems of identification and analysis have become exceedingly com- 
plex.^ 5ft 'pijg chemical identity of a dye is of interest to tlm color UhCM’, 
since tuo dyes giving the same shades on dyeing may differ substantially 
in fastness properties, but chemi(‘al identity is often more* difli<*ult tcj 
establish than identity or similarity in dyeing and fastness properties 
The prereciuisite for the chemical analysis of dyes is a knowledge of tlicir 
constitution, so that this is one of the many points of Mew from \Nhi<*li 
work on the chemistry of commercial dyes is of ilie utmost sci(»ntific and 
practical value. It is clear from a consideration of the number and 
variety of the synthetic dyes that their analysis, especially in mixtures, 
can never become a simple routine Identification of a dye as belonging 
to a chemical or dyeing class is relatively easy, but complete proof ol 
identity uith a dye of known constitution is much more difficult. Since 
many of the distinguishing tests depend on color reactions, an im])orlant 
requirement for success in dyestuff analysis is the possession of a complete 
range of authentic samples \\ith which a <lirect comparison can lx* minlc 
A wide and intimate knowledge of the physical, chemical and dyeing 
properties of dyes is a valuable asset to the dyestulT analyst ; and valiiahle 
cin*umstantial evidence of the nature of the dyes present in dyed textile*- 
and other colored materials, which frecpiently enables short cuts to he 

‘Gallup, Joyce, Fiorz-Diivid and Yarsley, Allen’s Gommercuil Organic 
Vol. VI, 5tli cd., C’lnirchilJ, Tx)ndon, 19:13. 

* Green, The Analysis of Dyestuffs, 3rd cd., Griflin, Ixindon, 1920; reprinted vitli 

“Key to trade designations,^^ 1941. 

* Zuhike, Analyse von Farhungeii, Dr. Max Janeeke Verlngshiiehliaiidliing, Leip/igj 

1937. 

* Clayton, Identification of Dyeh on Textile Fibres, in Thorpe’s Dictionary of .\pple 

Chemistry, 4th ed., Vol. IV, Longmans, J.>onilon, 1940. 

® Identification of dyestuffs in IG, BIOS 768. 

For an account of the purification and estimation of dyes from the jioint of \ 
of work on the fundamental processes of dyeing, sec Vickerstaff, The l’h> ''i* 
Chemistry of Dyeing, Oliver and Boyd, ].<ondon, 1950. 
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ttikcn in routine procedures, can be obtained if the analyst is familiar 
\\ith dyeing and coloring practice in the relevant industries. 

Methods for the chemical analysis of dyes ha\ e been briefly imlicaled 
(luring the systematic treatment of dyes in accordance with the chemical 
classification, the methods being dependent on the const itution of the 
(lyes and the presence of reactive groups. I’hus azo dyes can be usually 
(*>limated by titration with titanous chloride, some basic and acid dyes 
by titration with each other or with ions of opposite character so as to 
form insoluble complexes, and certain indigoid dyes by siilfonation and 
titration with permanganate. The only method applicable to vat dyes 
as a class is to determine the amount of vattable constituent by alkaline 
rcdiKdion and reoxidation. Direct chemical methods of analysis are 
frccpumtly impracticable and of very limited \ahie in dealing with com- 
mercial dyes. Colorimetric and spectroscoi)i(‘ methods, and dye-1 lials 
or evaluation procedures based on the application of the dyes, arc th(»re- 
fore widely employed. Dyes which are insole, )le in Mater and the 
common organic solvents and are of unknown constitution, such as the 
sulfur dves, can only be evaluated by dye-trials. 

Some <*ommerciaI dyestulTs, such as basic dyes, azoic coupling com- 
ponents (])articularly the amines), and a few of the anthracpiinonoid 
acid and \ at dy(\s, an* ol high purity, but dy(*s in gtmeral ar(‘ not marketed 
in the pun' state. The mamifactuiers and users of dyestufTs are inter- 
ested in [woducts of standard (piality giving reproducible results in 
application rather than in their (‘hemical purity. C'ommercial dyes are 
therefore standardized in shade, concentration and physical form, so that 
jlyers and other color consumers may be able to product^ a definite effect 
with a given (piantity of a dye. Two types of immirities or substances 
other than the essential tinctorial coiihlituent occur in commercial dyes: 
(1) by-products of the various reatdions by which tue dye is synthesized 
and (2) the subslaiiees (e.g., sodium chloride and sulfate, dextrin, dis- 
IKMhing agents) added subsetiuently for standardization. Among the 
latter may be* one or more dyes added to the main dyestuff for shading 
puiposcs. The inorganic diluents (e.g. (Mmnnon salt, (dauber salt, 
sodium carbonate) ran obviously be sc'parated from water-iustiluble dyes 
hy mere treatment with M’ater. (^omplete separation of soluble azo dyes 
from inorganic salts is not easy; iwo methods are used: (1) precipitation 
of the dye from a saturated aciueous solution by means of sodium acetate 
iiiid extraction of the sodium acetate hy boiling absohne alcohol, these 
processes being repealed until the dye is analytically pure; and (2) crys- 
tallization of the salts formed with di-o-tolylguanidine and regeneration 

the sodium salt by treatment of the methanolic solution with the cal- 
culated amount of sodium methoxide (see Chapter XI). The first 
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method often gives low yields; the second has not been adequately 
investigated. The free acids of some acid and direct cotton dyes can bo 
precipitated from aqueous solution by hydrochloric or sulfuric acid, 
crystallized, and neutralized exactly with aqueous caustic soda. Dyes 
containing sulfonic groups are very hygroscopic and difficult to dry, 
drying at 100® (or higher, if the dye does not decompose) in an Abder- 
halden vacuum drying apparatus over phosphorus pentoxide, until all 
the moisture has been removed, is therefore necessary before the dyes uu‘ 
submitted to elementary analysis. Basic dyes are often readily cryjstal- 
lizable, specially as the zinc chloride or other double salts. Methods of 
purification of sulfur, vat, and other classes of dyes have been mentioned 
in the relevant chapters. 

The separation of a mixture of two or more dyes from ea(‘h othci 
presents much more intractable problems than the separation of a d\c 
from inorganic or colorless organic substances. The first step is to 
determine qualitatively if a given dyestuff is homogeneous or is a mixture 
of dyes. The dry powder is blown on to filter paper wetted wdth watci 
or a w’ater-misciblc solvent such as alcohol or cellosolve Acetoiu^ is 
useful for cellulose acetate dyes. Sodium sulfide solution may be u-^ed 
for wetting the paper in examining sulfur dyes. Differently coloicd 
spots, w'hich may be examined for individual dyes by color reactions, 
indicate a mixture. Blowing the dyestulT powder on to the surface ot 
concentrated sulfuric acid in a porcelain dish is another tost, since main 
dyes give characteristic colorations with sulfuricj^-cid. Neither of the.se 
tests is satisfactory for dyes which have not been mixed as dry powders, 
but in aqueous solution and then dried down. The capillary test,® sug- 
gested by Schonbein in 1802, is more useful for such dyestuffs, especially 
when the principles and technifiue of chromatographic adsorption analy- 
sis are applied. Jn the old procedure one end of a strip of filter paper was 
dipped into a dilute solution of the dyestuff in water or other solvent, 
after a few minutes different colored zones appeared, if the diflerenc'es in 
the capillary attraction and in the affinity of the constituent dyes for 
cellulose w^ere sufficiently marked. Fractional <lyeing, carried out by 
immersing one-inch square pieces of fabric successively in the dyestuff 
solution at intervals of half a minute, is another useful proceduie foi 
separating the dyes in a mixture. A mixture of acid dyes may be thus 
applied to wool from an acetic acid or formic acid bath. It is necessaiy 
to remember, however, that a commercial dyestulT mixture is likely to be 

* Goppelsrocdcr, Capillaranalyse, Birkhauser, Basel, 1906; see also J- 

Colmiriata 4 , 5 (1888); Rheinboldt, Capillar- und Adsorptionanalyso in Ilouben 

Die Methoden der Organischen Chemie, Vol. T, 3rd ed., Georg Thieme, Leipzig. 

1925. 
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made up of single dyes which have very similar affinities for a fiber. 
Kxtraciion of the dyestuff with alcohol, ether, chloroform, amyl acetate 
or other organic solvent is useful for separation, if the constituents differ 
in their solubilities; an aqueous solution of the dyestuff may be extracted 
with water-immiscible solvents. The dye acids from acid dyes and the 
(lye bases from basic dyes may be liberated by neutralization before 
extraction ; and the acidification or basification can be carried out frac- 
tionally. Thus, when an aqueous solution of a mixture of the three basic 
dyes Rhodamine, Magenta and Saf ranine is extracted with ether, a 
colorless ether solution of the Rhodamine base is obtained; addition of 
ammonia and ether extraction then gives the Magenta base; and final 
liasificatioii with caustic soda followed by ether extraction gives the 
Saf ranine base.^ 

Partition between immiscible solvents, using a fractionation pro- 
cedure based on a countercurrent principle, is sometimes effective for the 
separation of dyes from a mixture.® Thus a mixture of Xaphthol 
Y(‘ll()^^ S, Orange I and Indigo Carmine can be separated in the following 
manner An aciueous hydrochloric acid solution is shaken through 
three funnels containing amyl alcohol. The amyl alcohol solution is 
washed repeatedly with dilute hj’^drochloric acid. Indigo Carmine is 
obtained in the aqueous extract. The amyl alcohol is then washed 
repeatedly with salt solution, when Orange I is obtained. Xaphthol 
Yellow S is estimated by difference. Separation of dyes by means of 
immiscible solvents has been thoroughly investigated with the limited 
range of dyes used for coloring foods, drugs and cosmetics.®' Relative 
holubility in various organic solvents and in water of graded pH also 
serves as a basis for the separation <jf dyes into groups, to which the other 
methods outlined later can then be applied for a clf»ser identification.® 
Mixtures of dyes in aiiueous solution can be parated by frothing 
with gelatin at different pll values.” Basic and acid dyes can be sepa- 
rated by means of ion-exchange resins.*^ 

Chromatography 

Chromatography was discovered in 1900 by Tsw’ett, a Russian bota- 
nist, in connection with the isolation of green leaf pigments. Although 
be drew attention to the wide applicability of his ne^v technique, a 

' Rota, Chem. Ztg. 22 , 437 (1898). 

• Mathewson, Am. Dyestuff Reptr. 37, 709 (1948); and earlier ipfere^nces quoted in 
this paper. 

® Woodman, Food Analysis, 4th ed., McGraw-Hill, Now York, 1041. 

Koch, /. Assoc. Offic. Agr. Chemists 26 , 245 U943) 

Aenlle, Andtea fis. y quim. Madrid 42 , 179 (1946). 

** Griessbach, Angevo. Chem. 62 , 215 (1939), 
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quarter-century elapsed before it was recognized to be a powerful and 
versatile method for separating mixtures into their components. The 
power of chromatography in solving separation problems is shown by tlu* 
classic example of the carotenoids; seven carotenoids were known m 
1922, and over seventy have now been isolated. 

A detailed treatment of the theory and practice of chromatography, 
of which there are three main typos (adsori)tion chromatography, joa- 
exchange chroma tographj”, and partition chromatography), is beyond 
the scope of this book, and reference must be made to the many excellent 
books and reviewsthat are available. An elementary ac(‘ount is guen 
from the point of view of the applications of chromatography to coal-ta* 
constituents, intermediates and dyes. 

The use of charcoal and other adsorbents for the removal of impuiili(\s 
from a substance in solution has long been common practice; chiomafog- 
raphy is a <*ountercurrent or differential ad.sorption, analogous to distil- 
lation with a fractionating column which enables separations to be 
effected that are not possible by a .straight distillation. ('hroniat(»- 
graphic separations arc primarily dependent on the reacti\e groujis m 
molecule.s, w’hile fractional distillation is effective in separating molecuh*^ 
W’hich differ in si/e. The characteristic of chromatography, wliidi 
distinguishes it from the older teehnupie of separation by means ol 
adsorbents or by partition lietween solvents, i.s that a dynamic distribu- 
tion of a solute between tw^o phases (a .solution and a solid adsorbent or a 
solution and an immiscible iKpiid) is achieved by U»e passage of one phase 
through a second stationary phase. 

Adsorption chromatography. The technupie of arlsorption chroma- 
tography usually consists of three stages. (1) A solution of the mixtiin* 
under examination is poured down a column of an adsorbent, the coin- 

na references befoie lt)t2 see Zechmeistor an«l (’holiioky, Pnneiph*" arul Piada* 
of rhromatogr.Mphy, 2ml C’hapnmri nnci Hall, London, 1011; Stiain, (’hrouiM- 
tographic VcNorption Anahsis, rnter.seienee, Kew York, 1042. 

* * Tiselius in Advances in Colloid Science, Vol. I, Intorscionce, Yoik, 1012 
Hesse, Adsorptioiismethoilen iin cheniischcn Tiaboratonuin. Dcdrujtcr, Ilcrljii 
1013. 

**** Zechmeistor, Progress in C'hrornatography 1038 1947, C’hapinaii and Hall, London, 
1030. 

C’assitly and others, Chromatography, Ann. N'. Y. AcQd. Sci 49 , in 320 nois), 
I^cflcror, Progn’^8 R^^centsdcla Chromatographn*, Preioi^re Partio, Chimic Orgini- 
que ot Biologirpio, Hermann, Paris, 1949. 

**» Chromatographic Analjsis, Discussions of the Faraday Sor. 7, 1 336 (1010) 

Strain tn Frontiers in Colloid Chemistry, Interscience, Now York, 1050, \futf 
Chem. 21 , 76 (1040j; 22 , 41 (1950); 28 , 26 (1051). 

Cassidy, Adsorption and Chromatography in Technique of Organic Chcmi^tiv, 
Vol. V, Interscicncc, New York, 1051. 
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nioncst until rc(*cntly being ftctivEted EluminE, chErgecl in e glESS tube 
of EppropriEte dimensionfs. Solvents for chromatography must be 
purified very carefully. Nonpolar solvents such as the hj'^drocarbons 
and some of the chlorinated hydrocarbons (o.g. metliyleno chloride, 
chloroform, carbon tetrachloride) are the most suitable; hut under certain 
conditions a wide range of solvents is permissibh* Thus, pterins liave 
been separated by adsorption on alumina columns, using O.OObV acpieous 
or methanolic hydrochloric acid (Becker and Schopt, UYM). (2) The 
chromatogram is ‘‘dev(‘h)])e<r^ the adsorbed material is separated into 
(iifterently colored bands by washing through with a scdveiit. The 
original solvent may be adeciuato f«)r etTe<*ting the separation of the 
constituents into zones; or movement of the bands may be facilitated by 
using a more polar solvent or by the addition of a small amount (often 
small as on«‘ per cent) of a more polar solvent (e.g alcohol). The 
sharpness and speed of separation depend on complex solute-adsorbent, 
solute-solvent and sohent-adsorbent relat ionstilps. I lesse arianges 
solvents in the follow ing order in terms of ilecreasing strength of adsorp- 
lion of a «^olute: petroleum ether, carbon tetrachloride, trichloroethylene, 
benzene, methylene (‘hlori<l(‘, ehloroform, ether, ethyl acetate, acetone, 
/f-propanol, ethanol, methanol, water, pyridine. (li) The adsorbates 
in the various zones are recovered or eluted in one of two w'ays. ]^y 
washing the column with a suitable solvent or senes of solvents, the 
/ones ar(‘ jirogressixely pushed down and the solute is recovered from the 
corresponding percolate; alculiol and other hydrogen-bonding sohents 
are goo<l eluants. A ^‘liipiid chromatogram’^ is thus obtaine<l.*-^‘* 
Alternatively, the adsorbent column is remo\(‘d from the glass tube in 
which it is supported, and each zone is cut out 'ind extracted with a 
solvent. Boiling hydrochloric acid in acetone has b‘'en used for eluting 
•Vhvdroxyflavone from the yellow’ zone of the lake a Inch it forms on an 
alumina column (Karrer and Schwab, 1941). 

Elution, frontal and displacement analysis. Ih'sides the commonly 
pUictised elution analysis outlined above, there are two mam methods 
for the development of clironiatograms (or cliromatographic analysis): 
frontal analysis and displacement analysis, both due to Tiselius (19t0, 
fhllt); the conditions for the succes.sful operation of a column are ({uite 
dilTerent for these three types.^‘® Frontal analysis consists in forcing a 
'Solution through an adsorbent column, previously w'ashed with pure 
vent, determining the concent rati<m of the eflluent, *ind plotting it 
ii^ainst the volume; eharacteristic ciirxes showing one “step’’ for every 
•'^olnte are thus obtained. In displacement development the substances 
b> be separated are adsorbed at the top of the column and a solution of a 
•'’'iib.stance with stronger adsorption is fon'cd through the column; the 
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latter acts as a developer which displaces the substances to be separated, 
which also displace each other. The concentration of the effluent is 
plotted against the volume, and by measuring the heights and lengths ol 
the steps both qualitative and quantitative analyses of the constituents 
in the mixture are achieved, provided a developer is found that will dis- 
place the unknown mixture quantitatively. The Tiselius techniques, 
elaborated by Claesson and others, are particularly valuable for the 
separation of colorless compounds and for using such adsorbents as 
carbon; the concentration of the constituents in the percolate is folloAved 
continuously by means of the refractive index, electrical conductivity oi 
other physical property. Claesson has shown that by frontal analysis 
quantitative analysis of as many as six fatty acids (c.g. /?-Cg, C 9 , Cio, Cp. 
Ci 4 , Cie) in a mixture is possible.'®* The techni(iue of displacemeni 
development can also he used in ion-exchange chromatography and 
partition chromatography (see later). 

Adsorbents. Although the choice of an adsorbent is still partly 
empirical, there is increasing knowledge of the suitability of an ad'^orbent 
for separating certain types of substances, and some examples of the 
specific use of adsorbents are cited. An adsorbent in chosen winch 
exhibits as high a selectivity as possible among the components of th(' 
mixture that is to be separated; the available solvents partly deternnne 
the choice of the adsorbent. Alumina and other oxides are effecti\e foi 
compounds containing polar groups Alumina, cahdum hydroxide, 
zinc carbonate and calcium carbonate are the adsorbents generally used 
for the isolation of the carotenoids, and their adsorbing (*apacily d(»creases 
in the stated ord^r. Strain has studied the adsorption secpience of cei- 
tain carotenoids on columns of sugar, of Cehte, and of magnesia Itcla- 
tive adsorbability w^as determined largely by the selective affinity of the 
adsorbents for groups or parts of the pigment molecules. Sugar preferen- 
tially attracted the polar hydroxyl groups of the xanthophylls, and 
magnesia the unsaturated parts of carotenes and xanthophylls, as well 
as the hydroxyls of the latter. Using a column of magnesia for studyinu 
the separation of xanthophylls and chlorophylls. Strain has shown Ibai 
many conditions influence the distribution of solutes within their ndsoip- 
tion zones; thus a pigment which usually yields a single colored zone inav 
yield two zones in the presence of certain colorless contaminants Po"r 
dered magnesium sulfate has been used for the separation of carbonyl 
compounds as the 2,4-dinitrophenylhydrazonas.'^« Bro(‘kmann ha'^ 
shown that water-soluble salts, such as copper and zinc sulfate, are u.st'lul 
adsorbents for the chromatographic separation of azobenzene derivatives 
aluminum sulfate can be used for the separation of the hydroxyantbia- 

JACS 70, 588 (1948), JwL Eng. Chevi. 42, 1307 (19.50) 

Stadtman, JACS 70, 3683 (1948). 
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quinones, and compounds very firmly adsorbed can be isolated merely by 
dissolving the adsorbent in water, 

Silica gel formed in the presence of methyl, ethyl, propyl and butyl 
orange has been found to be 4 to 20 times as effective in adsorbing the 
particular dye as a control gel; decreasing adsorption is shown for dyes 
with decreasing similarity of molecular structure. This observation 
may prove to be of great value for the separation and purification of 
water-soluble dyes. 

Carbon has the advantage that it can be prepared and activated by a 
variety of methods ; it is a commonly used decolorizing agent and absorb- 
ent for solvent recovery, and it has now found application in chromatog- 
raphy by frontal and displacement analysis. Examples of its uses are 
the resolution of a mixture of mono-, di- and trisac^charides,*^*' the separa- 
tion of amino acids,*^'^ the measurement of the adsorption isotherms of 
aliphatic acids, and an investigation of high molecular substances. 

Allowing for the specificity of adsorbent action. Strain arranges 
adsorbents in the following order of increasing activity: sucrose, starch; 
inulin, magnesium citrate; talc; sodium carbonate; potassium carbonate; 
calcium carbonate; calcium phosphate; magnesium carbonate; magnesia 
(Merc'k); lime (freshly anti partially slaked); activated silicic acid; acti- 
vated magnesium silicates; activated alumina, charcoal, magnesia 
(Micron brand); Fuller’s earth. With a given adsorbent, the activity 
can be varied by processes of activation (e.g. heat or solvent treatment) 
or deactivation (e.g washing with water or an alcohol for which the 
adsorbent has affinity). The adsorbent can then be graded by examin- 
ing the separation of a standard mixture; Brockmann and Schodder 
have employed binary mixtures of azobenzene .»nd its derivatives (e.g. 
p-amino-, y>-hydroxy- and p-methoxyazobenzen( », dissolved in benzene 
and petroleum ether, for measuring the adsorptive capacities of activated 
alumina.^*® A ternary mixture of azobenzene, benzeneazo-j^-naphthol 
and 7 >-dimethylaminoazobenzene dissolved in chlorobenzene-petroleum 
ether can be used.*^ Muller has determined the heat of wetting of 
alumina by sohents and has used it for grading the activity of the 
adsorbent.'* 

(’hemical changes, reversible or irre\ ersible, can occasionally occur 

Dickey, Ftoc. Natl. Acad. Sci. (\S. 35 , 227 (19ie; 

Whistler and Durso, JACS 72 , 677 (1950). 

“•'Tiselius and Hagdahl, Aria. Chew Sa^^d. 4 , 39i (1950). 

^*'Nestler and Cassidy, JACS 72 , 080 (19501; see also Hagdahl and Holman, ibid. 
701; J. Biol. Chem. 182 , 421 (1950). 

Claesson in Ref. 13^. 

Cropper, J. Sor. Dyers Cohunsts 61 , 102 (1945). 

Helv. Chim. Acta 26 , 1945 (1943); 27 , 404 (1944). St'e also Trueblood and Malm- 
berg, Anal. Chem. 21 , 1055 (1949); LeRosen ei al, ibid. 22 , 811 (1950). 
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during column chromatography.*^ Certain carotenoids a<lsorbed on 
acid earths from noii-polar solvents form a deep blue zone (cf. the color 
reactions with sulfuric acid and antimony trichloride) on the top of the 
column, but on elution with alcohol the color change^ is reversed and th(‘ 
carotenoid is recovered unchanged. Meunier and Vinet have suggested 
that the color is due to polar resonance structun's n\sulling from the 
donation of electrons by tin' carotenoid molecuh' to the adsorbent. Tri- 
arylmethyl halides form colored comple\c‘s when adsorbed on silica gel, 
apparently because of thc' polarization of the dye on llu' j)olar surface of 
the adsorbent; elution with alcohol gives the colorless nr pah* colored 
non-polarized triphenylmethane dernativei!- (Weitz and Schmid, 19:19). 
Examples of irreversible changes are the conversion of vitamin A to 
anhydro vitamin A, r(*arrangement of the double bond system in vitamin 
D 2 , loss of biological activity when vitamin Ki is adsorbed on ahunina 
or magnesia (but not on sugar), and catalytic o\idation of vitamin (' on 
charcoal.*^"' ** Acetone passed through an alumina column gives appre- 
ciable amounts of diacetone alcohol (lles^e, 19:18). When antlira(*cnc 
in light petroleum as solvent and developer is chromatograplu'd on an 
alumina column with (*xposure to light, dianthracenc* can he isolated from 
the column. When naphthacene is adsorbed on an alumina column from 
benzene solution and developed with the same solv(*nt, tin* column 
becomes yellow' and the side exposed to the window light turns orang(*. 
owing to the formation of a quinone.*'^* The picrales and irinilro- 
benzeiie compounds of some aromatic hydrocqj^’boiis. tt*rpenes and 
steroids break up during passage through an alumina column; picric 
acid or trinitrobenzene remains adsorbed, and tlu* hydrocarbon is 
obtained in the percolate (Kondo, 1937).*^'* Zechm(*ister has discussed 
the precautions necessary in chromatographing labile compounds.*'’*'^ 
Development of colorless substances. For following tlie separation 
of colorless substances, various devices are knowm: one is prior conversion 
into colored derivatives. Strain used the dinit roph(»nylhydrazoii(*s for 
carbonyl compounds, and examples of azo dyes are cit('d later. Zones 
of acids have been i<lentified by pretreatnient of the adsorbent with an 
indicator. In Zeehmeister’s ‘'brush method^' the column is cxtru(lc<l 
and a camel-hair brush dipped in a suitable reagent is drawn down the 
side of the column so that a narrow colored streak Is produced. Tlie two 
forms of stilbctliP, 4,4'-dimethyl- or 4, 1'-dimethoxystilbene separate on 
alumina, the trans above the cis with a broad interzone; the zones can 1)C 
located by streaking with one per cent permanganate along the column.' 

For a review, see Meunier anfl Vinci, Chromatogrnjdiie ot rn<'*sonicric. Adsorption 
et r^’sonance, Masson et Cie, Paris, 1047. 
oa I^vy and Campbell, JCS 1445 (1989). 
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l>roteiiia separated on filter paper or a cellulose column have been located 
by dyeing with acid dyes not staining cellulose. reactions of 
v'firious kinds have bec'ii utilized for visualizing zones of separation 
on filter paper, and by analogy with photographic development, the 
‘Slevelopment of a chromatogram of (*olorless substances often refers 
to the process of visualization, rather than the separation of the zones, 
losing ultraviolc*t light the fluorescence oi substances or their ability to 
(piench fluorescence can be employed for the identification of zones. 
Nai)ht halene, anthra(*ene and the more com])l(‘x polycyclic hydrocarbons 
\^c.g. p<'rylene, l,’2-b(‘nzpvren(‘), as well as carbazole, acridine and other 
heterocyclic compounds occurring in coal tar. have been separated in the 
pure .state from sample.s of the substances prepared and purified by the 
u.sual methods oi i.solation ami cry.''1alliza1 ion ; the chromatograms are 
examiiuMl in ultraviolet light, and the zones separated by taking advan- 
tage of the dirf(‘n‘nce.s in t he fluoreseence colors (Win! erst ein I.*’* Zech- 
meister has tabulated a long scales of polycyclic hydrocarbons which have 
i>(*on ])urifi<‘d by clircmiatograpby on alumina. Flu()res(*ent zinc sulfide 
can h used for following the* rpicnching of fluorescence; and alcohols 
(Ch'f'fi) have bccai separated a.s their ^.o-dinitrobenzoates from hexane 
on silica ged i)re-treat(‘d with llhodamine liCJ, using hexane-ether for 
(l(‘velopment and ether for (‘lution.^** Colorless non-fluore.seing com- 
pounds can be convert (*(1 into fiu(»n*sce!it derivative's, e.g. fatty acids into 
/)-pheny]pb(*nacyl esters.-'* Iladioaetivity has been used for locating 
zones along columns and on iilt<*r pap<*r. When siudi methods for locat- 
ing zones are unavailahh* or inconvenient, the column is washed through 
with a stdvent ; the percolate is colhM-tod in fractions (using automatic 
iraction-collecling ecpiipment. if neccs.sary), and the .sucees.sive fractions 
are e.sli mated in terms of a physie’al property such :.s the refractive 

iiuh^x, or electrical conduetivit > diernical analysis (e.g. acid-hase 
titration), antibacterial tests, and physiological assay methods can also 
l)e ii.sed. 

/in<l .Mirhaol, Wttun 166, t)S5 Sovt-ral new streak reagents are 

suggested hy Artnl. Chtni 22,801) (1050). In “surface chromatog- 

r:i])hy” a po\\d(*re(l ndsorhent. fixed rigidly to a microscope slide hy means of a 
suitable binder, pro\ ules a convenient \xstem for mn rocliromatography ; mordant 
ilyes have been used as rii>eniug agents for devidoiied clironiatograius of cations 
in surface chromatography; Meinhard and ll.dl, \nal. r/iewi. 21, 185 (1949); 
ihid. 22, 344 (1050). 

'MVinterstein ct al., Ber. 08, 1070 (103.5); and earlier papt'i- See also Almasy, 
liiorhrm. Z, 291, 421 (1037). Vahnnaii hn.s .separated and e.stimated the hydro- 
carbnn.s in j)riinary tars by chromatography on a column of silica heated by 
steam; X at are 166, 404 (1050). . 

’’ Sea.s«*, JACS 69, 2242 (1047); White and Dryden, Anal, ('hem, 20, 853 (1048). 

Kirehner et al.^ Ind, Eng. Chem. Anal. Ed, 18, 31 (1946). 
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Chemical constitution and chromatographic behavior. Molecules 
which differ in the nature, number and position of the polar groups (in 
which double bonds and aromatic ring systems are included) are in 
general readily separable by simple adsorption chromatography. 
Cis-trans isomers can be separated. Molecules which differ only in the 
size of non-polar groups (e.g. the homologous fatty acids) are difficult to 
separate. Chromatography has proved successful in resolving race- 
mates by means of asymmetric adsorbents. 

Correlations between chemical constitution and chromatographic 
behavior can only be attempted in molecules of the same or similar typt* 
and under specified conditions of chromatographic treatment. Changes 
in the sequence of adsorption of the constituents in a mixture have been 
observed, both when the adsorbent is changed and when the developing 
solvent is changed. Thus Strain was able to separate some teriuirv 
mixtures in four of the six possible sequences by (‘hanging the solv(*iit 
and LeRosen found that cryptoxanthin is above lycopene on alumina and 
on calcium carbonate columns, but the order is inverted on a column of 
calcium hydroxide, using benzene as developer with all the three adsorb- 
ents.^^ An inversion of the sequence of adsorption of iV-ethyl-AVV'- 
diphenylurea and 4-nitro-.V-ethylaniline was observed by Schroeder 
when a slight alteration in the composition of the developer (2 or ol 
ethyl acetate in light petroleum) was made LeRosen defines the 
adsorption affinity R as the rate of movement of the adsorptive zon(‘ 
(mm./min.) divided by the rate of flow of developing solvent ;-- R corre- 
sponds to Rr used in partition chromatography (see later). R vahi(‘.s 
have been used for standardizing adsorbents and for determining the 
efficiency of developers; using the same adsorbent and solvent, R values 
provide a quantitative measure of the adsorption affinities of a series of 
compounds which can then be correlated with their chemical constitution 
The relation between constitution and adsorbabilit y has b(*en thor- 

According to ISinomiya, fimctional groups influence adsorbahihty in tlio following 
decreasing order: COOH or Oil, NIL, NO 2 , Me, H; ./. Chtm, Soc, Japan 61, 
1221 (1940). 

Ind, Eng, Chem. Anal. Ed. 18 , 605 (1946). 

” IjcRoscn, JACS 64 , 1905 (1942); et aegua. LcRoscn et uL, Anal. Chem. 23, 730, 
732 (1951), have recently attempted to construct a matiicinatieal function relat- 
ing the interactions in the chromatographic system to the movement of the 
adsorptivetisouc. The adsorption could be accounted for in terms of donor- 
acceptor and hydrogen-bonding interactions; the carbon side chain decreased 
adsorption. Donor values were assigned to O and N, and hydrogen-bonding 
values to Oil and NH. The solvents were assigned arbitrary values as coin pet »- 
tive agents, and the adsorbent strengths were experimentally evaluated. Hales 
of movement of chromatographic zones calculated on the basis of assigned values 
agreed reasonably well with experimental values. 
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oughly investigated in the carotenoid group (Winterstein and Stein; 
Kuhn; Karrcr; Zcchmeister). Double bonds, esterified hydroxyl groups^ 
carbonyl groups and hydroxyl groups influence the adsorption in the 
given order of increasing effect. The strength of adsorption increases 
with the number of each group. Conjugated double bonds produce 
stronger adsorption than isolated double bonds. A carbonyl group 
conjugated with a double bond produces stronger adsorption than the 
separated groups. 

Winterstein has studied the relation between adsorbability and con- 
stitution among aromatic hydrocarbons. The strength of adsorption 
increases wdth the number of benzene rings, if there are no other com- 
plicating factors. Linear molecules are more strongly adsorbed than 
those wdth angular or condensed ring systems. Anthracene is more 
strongly adsorbed than phenanthrene. Chrysene (4 rings, 9 double 
Ixmds) is more strongly adsorbed than pyrene (4 rings, 8 double bonds). 
Xaphthacene (4 rings) is more strongly adsorbe i than chrysene (4 rings\ 
1 .2-benzpyrene (5 rings), and 1,2,6,7-dibenzanthraceiie. Larger polariza- 
bility increases the strength of adsorption, and since it also increases light 
absorption deeper colored hydrocarbons are in general found in higher 
zones in a Tsw^ett column. 1,2,G,7-Dibenzanthracenc (orange-yellow^) 
IS less strongly adsorbed than naphthacene (orange), but more strongly 
than 1 ,2,r),H-dibenzan1hracene (colorless). Perylene (orange-yellowr) 
IS more strongly adsorbed than Ll-benzpyrene (pale yellow*). While 
correlations of the carcinogenic activity of hydrocarbons with their struc- 
ture, absorption spectra and chemical reactivity have been suggested, no 
attempt appears to have been made to look for any relationship with 
their adsorbability, for instance on protein adsorbents. 

By repeated chromatography on an alumina ( (Jumn, using petroleum 
as solvent and petroleum-methanol as eluant, anthracene (Kahlbaum) 
was show^n by Winterstein to contain at least O.Oo per cent of carbazole, 
as well as naphthacene and anthracpiinone. Purified anthracene 
exhibits an intense blue fluorescence, suppressed by the addition of one 
part of naphthacene in 3,000,000 Commercial chrysene was shown to 
contain 1,2-benzocarbazole and naphthacene; and “pure pyrene” to 
contain brasan (2,3,3,0-dibenzocoumarone), naphthacene and 2, 3,6,7- 
dibenzophenanthrcne. Winterstein and Vetter isolated 2.5 g. of the 
carcinogenic hydrocarbon, 1,2-benzpyrene, from 3.5 kg of a coal-tar 
traction boiling above 450®.^-" 

Wieland and Probst (1937) found that a mixture of fluorene and 

("hromatography on alumina from light petroleum has sliown that commercial 

1,2-benzpyrene is contaminated with P,2',3',4'-tetrRhydro-t.2-bcnzpyrene; 

fook and Schoental, Nature 167, 725 (1951). 
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9-methylfliiorene formed isomorphous crystals which appeared to 
homogeneous; the m.p. of the dibromo derivative was constant. Tho 
fact that the substance was a mixture became apparent only by chroma- 
tography on alumina, fluorene being more strongly adsorbed than tla; 
homolog. Repeated chromatography gave pure fluorene ^vith a very 
faint fluorescence in ultraviolet light. 

Chromatography is useful for quality control in dye int(Tinediat(‘s 
for the preparation of intermediates in the pure state for sp(‘cial purposes, 
and for the qualitative and quantitative separation of impurities in (lv<‘ 
intermediates such as the amines, naphtholsulfonic acids and amino- 
naphtholsnlfonic acids. 

The three nitroanilines have been s(»parated by adsorption on a 
column of lime, the para compound being most strongly adsorbed and 
the ortho the least (Karrer and Xielsen, 1034).’-^ Tin* nitroplumols are 
also adsorbed in the order para, meta au<l ortho, tin* adsorbability being 
proportional to the dipole moment s.*-^** 3-Nitro-e-l-\ylenol is more 
strongly adsorbed by silicic acid than the 5-nitro isonuT Th(» adscnp- 
tion of a series (»f nitro compounds on a column of silica gel mixed 
(Jelite «)3o has been studied by Schroeder^^* and by ()\enston^^ in con- 
nection with the analysis of explosives; alumina is valueless for tin* 
purpose. Schroeder observe<l that on silicic a<‘id iinersions in tin' 
sequem*e of adsorption by change of developer occurriMl very freciuentlv, 
several compounds exhibited the undesirable etTect of ‘Mouble zoning’^ 
the production of two zones when each of two zoues of a mixtine s(‘pa- 
rated chromatographically is eluted ainl re-chroinatographed. I sing 
benwme-ligroin or'ether-ligroin for development, Scdiroeder made llic 
following generalizations about the effect of the number and position of 
substituent groups on the relative ad.s<»rption aifinity of diphen>lammc 
and its derivatives. Diphcnylamine was very weakly adsorbed, ‘i-niiro- 
diphenylamine slightly more strongly, and t-nitrodiphenylaminc much 
more strongly. Chelation of the 2-nitro with the imino group wa^ 
regarded as being responsible for the low' adsorption affinity of the ‘J-intio 
compound, an effect so marked that the 2,2Vt-trinitro and 2,2', l,t'- 
tetranitro derivatives were les.s strongly adsorbed than 4,t'-dinitrodi' 
phenylamine.^^* An iV-nitroso group was able eithei to inereasi' oi 

***Soc also Tnieblood and Malinbcrg, J.tfVS 72, 4112 (11)00). 

Arnold, JACS 61, IGl 1 (1930). 

Holler H al , JACS 72, 2030 (1950) 

.SV. Chem I ml. 68 , 54 (1919). 

The inOuenco of intramolerular hvtlrogon bonding, and of hydrogen bonding 
between the adsorbed compound and the adsorbent (silicic acid), on the adsorp- 
tion affinities of derivatives of diphenvlamiiie and .V-ethy1aniline has been 
studied by Schroeder; J ACH 73, 1122 (1951) 
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decrease adsorption affinity, as shown the following increasing order 
of adsorbability : diphenylaminc*, jV-nilrosodiphenylamine, A^-nitroso-4- 
nitrodiphcnylamine, 4-nitiodiphenylamine. Tsing 1 35 Vc of acetone in 
light petroleum for development, Ovenston found that the following 
compounds separateil in the stated order of increasing adsorbability: 1- 
nilronuphtlialene ; ‘ij-ljCJ-trinitroxylene ; l-chloro-2,4-dinilrobenzcne ;2,4-di- 
nitrotoluene; 1 ,3-(linitrohenzene; 2,1.0-triiiitro1oluene; 2,4,(>trinitro- 
phenetole; 1,3,5-trinilrobenzene; 2, J,(‘Knnitroaiiisole: 2, l-dinitroanisolc; 
2,l,()-tnnitrophenylethylnitramine: 2, t.ti-trinitropheTiylmethylnitramine 
(+etryl) ; 1,3,8-trinitronaphthalone; 2, bb-tnnitro-m-cresol; 2,4,()-lrinitro- 
pheiiol; 2, t,0,2'J',(')'-h(‘\aiiitrodiphen\lamine; 2, t-dinitrophcnol; 2,4- 
dinit roresorcinol; 2. riiiit rorc*soi cinol. The inliiie!u*e of an increasing 
number of nitro and hydroxyl groups in increasing adsorbability, and the 
influence of O-alkyl group*^ in de(Teasing adsorbability are in accordance 
with anticipation; further, a nuclear alkyl group der*reases the adsorption 
affinity. 

Benzidine is more strongly adsorbed on alumina than a-naphthyl- 
amine,*^® an etl(‘ct a])pan‘ntly related to tlie shape of the molecules as well 
as the extra amino group in b(*nzidine. /5-Naphthol is more strongly 
ailsorbed than a-naplitliol, ami 2-naphthol-4-sulfonic acid more strongly 
adsorbed than l-naphtliol-4-sulfonic acid (NW-acidj^s because of the 
n»adier accessibility of the d-hydro\yl group for hydrogen bonding with 
the adsorbent. 

Kxainining the chromatographic separation of a series of hydroxy- 
.inthraquinones on silica gel, Hoyor found that anthraquinones containing 
hydroxyl groups in the a-positunis, because of chelation with the CO 
groups, piTcolated readily through the column. The position of the 
hydroxyl gnmps was more important than the nne her, as shown by the 
fact that 2-hydro\yanthraciuinone remained adsiu'hcd on the column, 
wlnle l,l,5.8-tetraliydroxyanthraquinono passi^l through.^^® 

If a mixture of I- and 2-aminoanthra(Hiinones, dissohed in toluene- 
pyiuliiK', is fiassed tlirough a <’()lumn ol suitably prepared alumina, and 
de\elop('d with tohnuie-pyridine, the 1-i^omer washes through eom- 
pl(‘tely, wdiile the 2-isomer is retained; the violet zoii(*s at the top of the 
column are pro])ably due lo the presimce ol 1,2- and 1,1-diaminoaiithra- 
'luinones in technical 1-aminoanthraquiiione.’^ Stewart has examined 
the ndation betweiui constitution and chromalograj)hic behavior of 
i^imjile aiithraciuiiione derivatives.'^'' Subject to the qualification that a 
change in the activity of the ailsoiuont by water addition altered the 

’’HurkI, and Jensen, Hdv Chim Ada 18, 021 (103:)); 19, 04 a«30): Uupgli and 

Stnuble, ihUi, 23, 080 (MMO) See alw) Kuiz, hid, parfum 1, 187 (1046). 

Kolloid^Z. lie, 121 ( 10 :) 0 ). 
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order of movement of the bands, the order of increasing adsorption for 
mono-substitution was halogen, arylamino, alkylamino, amino, acyl- 
amido, side-chain hydroxyl, and nuclear hydroxyl group. Adsorption 
generally increased with increase in the number of substituent groups, 
and adsorption from aqueous solution decreased with increase in tlic 
number of sulfonic groups. There was no systematic relation between 
mono-substitution in the 1- and 2-positions. It will be clear from iln> 
results reported below** that the order of separation of acylamidoaiithia' 
quiiiones depends on the position of the substituent and on the presence 
or absence of an iV-alkyl group. 

When a senes of aminoanthraquinoncs are chromatographed on 
alumina, using benzene as solvent for adsorption and development 
the strength of adsorption is in the following increasing order: anthia- 
quinone, jV-methyl-l-aminoanthraquinone, l-benzamidoanthraquinone 
1-aminoanthraquinone, 1 ,5-diaminoanthraquinone, 1 ,8-diaminoanthi a- 
quinone, xV-methyl-l-benzamidoanthraquinone, 2-benzamidoant hi aqui- 
none, 2-aminoanthraquirione, 1,4-diaminoanthraquinono, 1,4,5-tnamiiio- 
anthraquinone, 1,2-diaminoanthraquinone, 1,4,5,8-tetraminoanthiaqui- 
none, 2,6-diaminoanthraquinone.** These aminoanthraquinones aie 
useful for the standardization of alumina, because they are a^allablc 
commercially, they are easy to purify by crystallization and chromatog- 
raph}", and mixtures separate in distinctly colored zones. The incM*as(» 
in adsorbability wuth the number of amino groups in the a-aminoanthia- 
quinones is to be anticipated; the depth of color increases in the banu‘ 
order. As Iloyer found with the hydroxyanthRiquinoncs, the poMtion 
of the amino gropps is important, but there is a difference between the 
two substituents in that the position is not the over-riding factor wh(‘n 
the number of amino groups is increased beyond tw'o. The proton-donoi 
properties of the Nn2 group are known to be less than those of the Oil 
group, and infrared spectra indicate that powerful hydrogen bonding 
between the Oil and CO groups in the hydroxyanthraquinones docs not 
exist between the NH2 and CO groups in the aminoanthraquinoncs, but 
weak hydrogen bonding is not ruled out.** Apparently, the chelation 
of the a-amino group is strong enough to make the jS-amino group nioie 
readily available for hydrogen bonding with alumina, resulting in the 
greater strength of adsorption of i9-aminoanthraquinone. However, 
chelation in the a-aminoanthraquinones is so weak that in 1,4-diarnino- 
anthraquinone (and to an increased extent in 1,4,5-triamino- and 14, 
tetraminoanthraquinone) the availability of amino groups for hydrogen 
bonding with alumina is sufficient to render thend more strongly adsorbed 

*• Rao, Shah and Venkataraman, Pror Indian Acad, Set. 34A, 355 (1951). 

« Rett, JCS 1444 (1948). 
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than 2-aminoanthraquinone, but insufficient for increasing the strength 
of adsorption above that of 2,G-dianiinoanthraquinone. The greater 
strength of adsorption of l,8“diaminoanthraquinonc in comparison with 
the 1,5-isomer is understandable in view of the independent chelation of 
each Nil 2 with a CO group in the latter compound. Another approach 
to the relative adsorbabililics of 1- and 2-aminoanthraquinoncs is to 
consider the resonance interaction between the Nils and one of the CO 
groups; in the resonance structures (I) and (II) the a-compound will have 



a considerably smaller dipole moment than the iS-, and the strength of 
adsorption will be correspondingly smaller. The effect of A^-benzoyla- 
tion is to decrease the strength of adsorption of both 1- and 2-amino- 
antlnaquiuones, hut for tw^o somewhat different roason.s. In' a-amino- 
anthraquinone AT-acylation would increase the strength of the chelation 
between the 9-C'O and Xlf groups: and in d-aminoauthra(iuinone\V-acyl- 
ation would decrease the resonance interaction between the lO-CO and 
NT! groups Two reasons may be suggested for the stronger adsorption 
of I, t-diaminoanthraquinone in comparison with the 1,8-compound as 
well as /3-aminoanthraquinone. The influence of the polarization shown 
in (I) will be to increase the proton-donor character of the Nll 2 group 
in the 4-po.sition; and the symmetrical distribution of polarities in 
1,4-diaminoanthraquinone probably favors adsorption 

An important achiev(‘ment by the u.se of chncnatographic technique 
was the separation of cKs-azobenzene.*? from the common trann com- 
pounds.2® Using an alumina column and benzine as solvent and devel- 
oper, m-azobenzene remains on the column and the compound 

passes through. When a mixture of the stable form and the two unstable 
forms of 4-benzeneazo-azobenzene is chromatographed, the most strongly 
adsorbed is the cis-irajis form, the cis-cis form .separctes as an intermediate 
zone, and the trans^trans form is least strongly held.*^ 

2,2'-Bismethylmercaptoazobenzene and the corresponding azoxy 
^*ompound have been separated by chromatography on alumina from 
iienzene solution; the azoxy compound is more strongl> adsorbed.*®® 
Anils prepared from the nitrotoluenes and p-nitrosodimethylaniline 
’“Took, JCS 876 (1938); Zechmeistcr, Frehden and Fischer-Jorgensen, Naturwisaen- 
schafien 86 , 495 (1938). 

Simona and Ratner, JCS 421 (1944b 
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have been separated ou alumina. When the product of the condensation 
of 4-methyl-3-nitroazobenzcne with p-iiitrosodimethylaniliuc is chromato- 
graphed from benzene solution on alumina, the unchanged azo compound 
appears in the benzene percolate; elution of the major orange-brown ancl 
\dolet-brown zones with acetone gives the yi-dimethylaminoanilide ol 

3- nitroazobenzene-4-carboxylic acid and the p-dimethylaminoaml ot 

4- aldehydo-3-nitroazobcnzeno.2®^ 

Chromatography of dyes. The advantages of chromatography uro 
now well known: its value as a test for purity; ability to separate a com- 
plex mixture of compounds having only minor ditTerenccs in stuicture 
rapidity ; simplicity and ready availability of the equipment, uiiplu'abiht v 
to micro quantities for purposes of isolation, identification and quantita- 
tive estimation of the constituents of a mixture, as well as large (piantities 
for preparative purposes; and usefulness in isolating very small quantities 
of solutes from very large volumes of solutions. The formation and 
movement of bands in chromatographic adsorption ha\e been submitted 
to theoretical and mathematical treatments; using cellulose and hhioii^ 
proteins as adsorbents, the chromatography of dyes may throw new light 
on the aflSnity of dyes for fibers. Consideiing the s(*ope for chromato- 
graphic investigations in the synthetic dyestufT field. suipnsingl\ little 
wwk has been carried out so far. One difficulty in dealing with mcin\ 
dyes is that the choice of solvents is \erv limit(‘(l I)\es aie di\i^il)le 
into two classes from the point of view of solubility water-solulde and 
w'ater-insoluble. The water-soluble dyes (e g tire \eiy iiumeiou^ gioiip 
of azo dyes) are in general insoluble lu the orgaiiie sohents, on the othci 
hand, the w'ater-insoluble dyes (e g. sulfur dyes and anthrnquuionoid \at 
dyes) are usually insoluble or \ery sparingly soluble in tin* cold in sohmit*- 
suitable for chromatography. 

Chromatographic homogeneity is an especially valuable test ioi llu 
purity of a dye. Certain medicinal dyes (Pellidol; Rivaiiol, Ti\ pa- 
flavine) have been showm to be impure by the formation of scvei;d hands 
when adsorbed on columns of alumina (Franck, 1937). Kuggli and 
Jensen*® found that commercial Congo Rod could be obtained chrornato- 
graphically homogeneous after a fewr crystallizations from afpicous 
alcohol. According to Haller, Congo Red chromatographed on predpi 
tated calcium carbonate was fractionated into tw^o parts (an inten^cK 
colored blue gjdsorbate and a red percolate), attrilwited to dilTerent dogices 
of dispersion Commercial Benzoazurine G (dianisidine Zj N\\-a< al. 
2 moles) gave a dark blue band at the top and a broad light blue zuiu' 
which dyed cotton shades similar to those from the commercial dye, a 
grayish blue filtrate dyeing violet shades faster to ironing than the com- 

Chardonnons and Heinrich, Hdi Chtm Arta 22, 1471 (1939), 23, 1399 (I9U)) 
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mercial dye shades, and a red filtrate at the bottom. The change from 
bluo-violel to red was attributed to polymerization; similar effects were 
obtained by ironing a dyed fabric, warming a solution of the dvestuff, or 
adding alcohol to the solution, ('ommcrcial trisazo and tetrakisazo dyes 
j;avc complex <‘hromatc»grams, indicating the difficulty of obtaining 
homogeneous d^^es \\h(‘n third and fourth diazoiiium couplings are 
involved.-® I/Sing I^rockmann s alumina and C’laril (a bleaching earth) 
jis adsorbents, and benzene as solvent and devolop(*r, coloring matters 
U'.g. Martitis bellow, Sudan III, Scarh*! R, hat Ponceau) in oils and fats 
have been separated and detcetc^d (Thaler, 1937). 

Ruggli and Jensen'® have .separated mixtures of azo, basic and acid 
dyes, and have traced inter<\stiiig rclatioii'^hips betwc^cn the constitution 
of certain azo dyes ainl the* iidsorbability. Alumina washed with a very 
ililute sohition of lime was toiind to have improved adsorptive powers; 
calcium carbonate was also suitable as an adsorbent. The solvent used 
for adsorption and (loveJopment was usually \vator. The zones were 
M'puratcd and elut(Ml with lioiling water. The adsorbability was related 
to the tuimber ol azo groups, so that ready separation of a mixture w'as 
])osMl)le if the elyes diffeied in the number of azo groups. Examining a 
mixtiin* of the trisazo dye Diamine (Ireen, the di.sazo dye Congo Red, and 
th(' monoazo dye Diamine Ro.s(* EKB, it was found that adsorption took 
place in the order named. A similar observation w’as made with a series 
of dyes prepared by diazotiziiig and coupling J-acid with itself succes- 
sively 1'bc adsorbabilitics of tin* di.'^azo dyes prepared by coupling 
ictrazotizcd benzidine with two molecules of each of five ami nonaphthol- 
Milfonic acids were in the following order: 2,S,() (>-acid): 2, .5,7 (J-acid): 
t),2,t; l,SJ (S-acid); and I, .5, 7 (M-acid). Thus the ii-na|)hthylamine 
dcrivativ(\s wen* more strongly adM^rbed than the a-naphthylamine 
d(‘rivatives, so far as the sulfonic acids examined ai d the particular condi- 
tions of adsorbent ami solvent w’ere concerned. e-Tlydroxyazo dyes w'ere 
more strongly adsorbed than the p-i.somers, while the sodium sulfonates 
of l-arylazo-2-naphthoIs and the corresponding 2-arylazo-l-iiaplithols 
had about tiic same adsorbability. Wlieii o-hydro\y- and /)-hydro\j"azo 
compounds free from sulfonic groups were examined, using (ininoline or 
benzene as solvent, the effect of the hydroxyl groups was reversed, the 
p-compound being more strongly adsorbed than the o-isomer. The 
influence of a hydroxyl group not chelated with an azo group in promoting 
adsorption on alumina is also shown by an observation made on azo dyes 
from resorcinol.-® When a inixtuix of J-heiizeneazoresorcinol and 2,4- 

^ Jon*, Pause and Veiikalaraninn, Pror. India u Avad. Sn. 29 A, 289 (1949). S«*o also 
Hhate, Pause and Vonkntarnman, thid. 32A, 360 (1950): (lore and Venkatarunian, 
dnd, 84A, 368 (1051). 
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or 4,6*bisbeiizeneazoresorcinol is chromatographed on alumina from a 
solution in benzene or chloroform, the monoazo compound is moic 
strongly adsorbed and constitutes the upper zone, in sharp contrast to 
the behavior of the monoazo dye (Diamine Hose) and the disazo 
(Congo Red) mentioned earlier. 4,6-Bisbenzcneazoresoreinol is more 
strongly adsorbed than the 2,4-isomer, indicating stronger chelation ol 
the two hydroxyls with the azo groups in the latter compound; a structuic 
in which each of the two chelate rings contains two double bonds can 
be written only for 2,4-bisbenzeneazoresorcinol. This is in conformity 
with the observation of Baker ei dl, that 2,4-diacctylresorcinol is moio 
strongly chelated than the 4,t>-isomer.*® 4-Benzeneazoresoreinol is more 
strongly adsorbed from chloroform solution than 2-benzencazoresorcinol, 
the very weak adsorption of the latter being due to the chelation of both 
the hydroxyls with the azo group A mixture of 4,G-bisbenzeneazo- 
resorcinol, 2-benzencazoresorcinol, and 2,4-biHbenzoneazoresorcmol in 
chloroform separates in this order of decreasing adsorbability. 

Coupling a-naphthylamine with diazonium salts, the 2- and 4-azo 
compounds are formed in about 7 and 93*”^ yields respectively; they can 
be separated by chromatographic adsorption on alumina, the p-compound 
being more strongly adsorbed.®®" 

Ruggli and Jensen found that Erika B and Erika (j, which arc veiy 
similar monoazo dyes in which the same diazonium salt (from dehydro- 
thio-7n-4-xylidine) is coupled with e-acid and fJ-acid respectively, weio 
inseparable; but ready separation could be effected between the two 
closely related disazo dyes Direct Sky Blue (dianisidine Zt Il-acid, 
2 moles) and Direct Blue 2B (benzidine Zj H-acid. 2 moles), the two 
methoxyl groups apparently causing the diffeience Again, ('loth Fast 
Black B (1-naphthylamine-o-sulfonic acid l-naphthylamine —> phenyl 
peri-acid) and Cloth Fast Blue R (aniline + ('leve acid“> phenyl pen- 
acid) had identical adsorbability. Unlike cotton, alumina did not 
distinguish between the substantive Congo Red type of dyes and the 
corresponding unsubstantive dyes from m-substituted benzidines.^® 

A combination of electrophoresis and chromatographic adsorption i.s 
sometimes more effective than the latter alone, and mixtures of dyes 
(e.g. Methyl Orange, Methyl Red and Indigo Carmine) adsorbed on 
Tswett columns have been separated by applying an electrical potential 
this method js also useful for studying the tautomerization of indicat ois 

1689 ( 1934 ). 

Turner, JCS 2282. ( 1949 ). 

Strain, JACS 61 , 1292 (1939). Hanson and Gould, Anal, Ckem, 23 , 670 (195 !)• 
have reported that Strain’s procedure gave unsatisfactory results with a mixture 
of three monoazo dyes, and they have obtained excellent separations on 
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The conversion of a colorless compound into an azo dye is useful for 
its chromatographic separation. Amines may be diazotized and coupled 
For compounds capable of coupling with a diazonium salt, this reaction 
offers a simple device as it does for their colorimetric estimation. The 
presence of a-naphthol in d-naphthol, (J-acid in R-acid, and of isomeric 
compounds and by-products in various other intermediates can thus be 
detected and quantitatively estimated. Kstrone, estradiol and estriol 
have been separated after coupling with a diazoniumsalt.®*" Chromatog- 
raphy of the p-phcnylazobenzoyl e.sters has been used for the separation 
of sugars (and of sterols).’'* Methyl esters of amino acids have been 
separated by chromatographic adsorption of the -V-azobenzene-p-sulfonyl 
derivatives on alumina treated with a 10 ';, solution of acetic acid in 
methanol.’*' Cholic and desoxycholic acids have been .separated after 
esterification by means of w-bromo-p-mcthylazobcnzene.’*'' Ethyl esters 
of amino acids give with azobenzeno-p-isocyanatc colored derivatives 
that are separable on alumina.”' 

Ruggli and Jen.sen found that Fluorescein and its halogenated deriva- 
tives were adsorbed in the following order: Ro.se Bengal (Chi 4); Ery- 
throsiiic (Ti) and Phloxiue (Ol4Br4); Eosinc (Br4) and Spirit Eosine 
(methyl ester of Eosine); Fluore.scein. Xine ba.sic dyes were adsorbed 
in the following order: Victoria Blue B: Methylene Blue D and Patent- 
phosphine Cl; Crystal Violet .“iBO and Fuchsine and Safranine 00; 
Brilliant Green and Malachite Green; .Vuramiire. Of 30 binary mixtures 
of these dyes, 32 were separable, the remaining four being Auramine and 
Malachite Green; Brilliant Green and ^lalachite Green; Patentphosphine 
and Methylene Blue: Fuch.sine G and Safranine. .\ ternary mixture of 
-Auramine, Victoria Blue ami Methylene Blue (or Fuchsine) could be 
separated.®* A mixture of ignited alumina (14 p-x ts) and Hyflo Supercel 
(one part), wetted with a buffer .solution of primary .uid secondary potas- 
.sium phosphate (each 0.002.11), has been used for demonstrating the 
application of chromatography to the separation of thi-ee ba.sic dyes, 
Victoria Blue B, Crystal Violet and ,\uramine, from ethanol.” 

powdered glass and on talc-Supcr-CVl with or without potential applied to the 
eloelrodes. Thus by adsorption from an aqueous solution and development and 
elution with aqueous pvruline Congo Corinth and C’ongo Red. well as several 
other pairs of azo dyes, were separated. 

llcftmann. Srjfurr 111, .’>71 (IftflO). 

Reich, Diochem. J. 33 , 1000 (1030); Coleman Hal., JACS 66, J588 (1043); ihid. 67, 
381 (1945); Ijadenhurg, Fernholz, and Wallia, J. Org Chei>, 3 , 294 (1938). 

Reich, Biorhem. J. 43 , Xo. 3, Proe. XX Will (1948). 

’’■'RilbermBn and Silhcrman-Martyncewu, J. Biol. Chim. 166, 359 (lOtO). 

Masiiyama, J. Agr. Chem. Sor. Japan 23 , 4.5 (1949). 

“Rieinan, J. Chem. Education 18 , 131 (191 1\ 
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Instead of a solid adsorbent, foams (gas-liquid interfaces) aiid 
emulsions (liquid-liquid interfaces) can be used for the fractionation ot 
mixtures; Abribat observed that Methyl V’^iolet could be separated by 
foam into a top fraction of the hexamethyl derivative (Crystal Violel i 
and a lower red-purple fraction.’^-'* 

Oxazine dyes obtained by th«‘ condensation of /3-naphthol-3,r>- and 
6,8-disulfonic acids with p-nitroso<liinethylanilin(» have been chromato- 
graphed in 80 alcohol on alumina, using water and (for the (), 8-corn- 
pound) ]M ir)-potassium dihydrogen phosphate for elution.^'* 

In a homologous series of cyanine dyes of the Astraphloxine type, 
derived from 1,3,3-triinethylindoteniius the adsorbability increases sMtlr 
the number of double bonds, so that the tricarbocyanine, dicarbocyaniru* 
carbocyanine and cyanine are adsorbed on aliiinina in this ordin*.-'^ It is 
generallj'' observed that in compounds of a givrni clu'niical type those 
exhibiting longer wave length and higher intensitv al)sorption appeal al 
the top of the column. 

The relative degree of adsorption ot a s(‘ries of common indicator^ on 
Silene FF (a commercial hydrated calcium silicate) has Ix'en d(dei mined, 
using 90 dioxane as solvent and devcloiier. 

A notable application of chromatography is in (he isolation ot nntn- 
rally occurring hydroxyanthraquinones. Eight hydroxyanthraquinoiic 
derivatives (see Chapter XXVIII) have been isolated tiom the bark ol 
Coprosma lucida by repeated chromatographic adsorption from acctoni* 
solution on calcined magnesia.^* Eraodin (Id),X-lrjliydr()\v-3-m(‘tliyl- 
anthraquinone), aloe-emodin (1 ,8-dihydro\y-3-hj’Ylro\ymei hylanthuuiui- 
nune) and iso-emodin (2,5,8-trihydroxy-3-melhylaiitliiaquinone) ocenr- 
ring in Cascara sdgrada separate in the stated ordi^r from top to bottom 
of a column of magnesia-Celitc, using chloroform as solvi^nt for adsorption 
and development; after elution of the bands with hydroidiloric acid (to 
dissolve the magnesia) and chloroform, ijiiantitative estimation ol the 
constituents can be carried out spectrophotomidrically 

Cts- and /m/?s-thioindigo and n.s- and /r^n.s'-Ojo'-dichloro-I, 
tetramethylthioindigo have been separated from benzene solution on ^ 
silica gel column.®^ Enggli and Stiiuble found that Indigosols wen* vciy 

3sa ugp 2,313,007; Abribat H al., Sur los pli^*noiiiciies do inouilhilalito ot los apphen- 
tions do oes ph6nom^nos, Ilcrmano, Pans, 1042, iOastinan Kodak, BP 535,00') 
F’or a review see Shcdlovsky, A a a. N. Y. Arad. Sri 49 , 270 (1948'). 

** Kggers and Dieokmann, Bwchem. Z. 310, 233 (1012) 

Karabinos and Hydo, J ACS 70, 428 (1048). 

Briggs and Nioholls, JCS 1241 ( 1949 ). Soo also Ilowafil miuI Raistriek, Biorhem J 
46 , 4t) (1050). 

Gibson and SchMarthng, J . Am. Pharrn. Ansar. Sn. Kd 37, 206 (1018). 
m Wyman and Brodo, JACS 73, 1487 (1051) 
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weakly adsorbed on alumina or calcium carbonate; Iiidigosol Pink IR 
extra (the Indigosol from ^j,l*>^-dichloro-4,‘l'“dimethylthioindigo), Indi- 
gosol O and Indigosol 04H (from tolrabromoiiidigo) appeared in the 
percolate in the order named. 

It has been claimed lhat vat dyes in nitrobenzene solution can be 
separated on alumina/* Imt many va1 dyes are insoluble or very sparingly 
soluble in nitrobenzene (and other organic solvents) in the cold, (.^on- 
ilicting statements on the separability of alkaline vats on alumina have 
l)een made.*^*- Vat dyes nnluced by a(|ueous caustic soda and 

hydrosulfite have been chromatographed on column.s of bleached sawduvst 
or disintegratc'd cotton; tin* chromatogram was then developed in the 
colors of the oxidized dy<‘s by means ol potassium f(‘rricyanidc solution.'** 
This method appears to be limited to tiie separation of dyes of widely 
different substantivity to cellulose 

A generally applicable m(4hod lor tlu* separation of vat dyes*® is to 
vat tin* mixture of dyes with acpieons tetraethyle* eptMitamine, XHaCC'H-j- 
VlbjXIOadlA'HjNlli, and hydrosullile, carry out the adsorption on a 
column of cellulose powder (SO mesh)/® and develop the chromatogram 
with aiiofous tetraethylenepentamine containing a little hydrosulfite.'** 
One part of the organic solvent and four parts of water are employed both 
for adsorption and development. A clear and remarkably stable vat is 
obtained when a vat dye is made into a paste with tetraethykaiepen- 
tamine and treated with aciueous hydrosulfite at room temperature 
(23 30°). Kinploying tliese conditions, the lollowing mixtures have been 
M'jiarated; the dyes in each mixture are mentioned in the order of increas- 
ing adsorbability, the last dye being at the top of the column: (1) 
Caledon (loltl Orangi* (i and dibenzanthrone, (2) Caledon Yellow 3(1 and 
Caledon lirilliant Purple 4K; (3j Caledon Yel'ow 3(1, C'aledon Jade 
(Ireen, Caledon Red RXS and dibenzanthrone. /^-Butylamine, wliich 
lias becni recommended as an eflective solvent in conjunction with hydro- 
sulfite for stripping vat dyes.'* gives a clear vat in the absence of caustic 
soda, but n-butylamiiu' is l(\ss elYective than tetraethylenepentamine in 

*** Johnson quoted in \'H*keistatT, The Phvsieal ('fienii‘'t!> of DveinR, Olner and 
Boyd, liOndon, IUr>0. 

Fok, Vat DyeslutTM and Nat ll\eiiig. ("hapiuan :iiul Hall, Ixuidon, I'.Ut). 

Bihk, \oro.s0 Tikhniki Xo. 42 tH. 42 ^WVMU. 

** Uao, Shah and Venkatarainan, (*urnnl <SV/. India 19, 1 t*J 20, 06 (1051). 

Buiped filter pai)er and po^^dt*^ed ecUulose have been previously used as a bulking 
agent in eoluiiin chromatography and as a support in partit.ou chromatography; 
Waehtol ami (Vissidv, J ACS 66 , 6t>5 (i043); Hough, Jones and Wadman, Nature 
162 , 448 (1948). 

Ihdc^n’kii, Zavothkaya Lab. 14 , 103 (19481, has mentioned that tctracthylenepenta- 
niiiip is a useful solvent for dyes. 
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separating a mixture of vat dyes by chromatography on a celluloso 
column. 

Paper chromatography (“Papyrography”).^*® Cellulose in the foim 
of filter paper is of exceptional interest, and has been widely studied m 
recent years. The term ‘‘paper chromatography is at present employed 
for chromatographic separations on paper in general, regardless of the 
mechanism of separation; and it therefore includes paper partitiojj 
chromatography (see later). For dyestuffs the tochnicpie of paper 
chromatography is essentially a refinement of Schonbein^s “capillary 
analysis.” Placing a drop of the dyestuff solution on filter paper, fol- 
lowed by a few di'ops of water, is sometimes adequate for effecting a 
separation into concentric zones of the individual dyes. As long ago 
1893 Paterson^^ thus obtained a “remarkably defined capillary spectrum” 
of purple-black, orange, green and yellow from the commercial dy(‘stutf 
Brilliant Black E; he also measured “capillary speeds” and showed that 
dyes containing sulfonic groups (e.g. Acid Magenta) had higher speeds 
than basic dyes (e.g. Magenta). (Jrundy^^ described a scheme for the 
identification of colors in dyed paper based on successive evtractions 
with boiling w'ater, ethanol and ammonia to separate acid, basic and 
direct dyes respectively; (*apillary tecdiniquc* using blotting paper oi 
acetate silk w^as then employed for the separation of individual dyes 
The capillary phenomena exhibited by dye solutions and sols weie 
investigated by (.Jainer.^^ By measuring the percentage rise R of the 
dyestuff solution on filter paper in comparison with that of the solvent, 
he classified dyes into four groups (i) acid dyes^f low molecular weight 
{R = ca 100;; (2J moderately well-levelling acid dyes, neutral wool dyes 
and some very soluble direct dyes (M = ca 70); (3) w’cll-levelling diiect 
dyes {R = ca 40); (4) poor levelling direct dyes, insoluble mordant colors 
and some dispersed acetate silk dyes {R = ca 10). 

A convenient procedure is to use a rectangular or semicircular liltei 
paper with a short stem in the middle (Fig 1) which is dipped in the 
dyestuff solution (a few" cc. in a crystallizing dish); after a few* minutes 
the dyestuff solution is replaced by the developing solvent. Carried out 
under standard conditions of size and (piality of the filter paper, the con- 
centration of the solution, the heights to wdiich the component with the 
highest capillary activity is allowed to rise before and after the introduc- 
tion of the developing solvent (lines AB and CD in Fig. 1) and othci 
The instruments and techniques used in paper chromatography have* been reviewed 

by Clegg, Anal Chem. 28 , 396 (1951); 22 , 48 (19o(^. 

**J. Soc. Dyers Colourtsts 9 , 110 (1893). 

**Proc. Tech. Sect Paper Makers Assoc. Q. II and Irelaludf 14 , 233 (1933). 

J. Soc. Dyers Colourists 49 , 346 (1933). See also Yokoyama, J. Pharm. Soc Jnpun 

68 , 492 (1943). 



THROMATOGHAPHY 


1327 


(aftors, reproducible reHults can ho obtained. The paper and solution 
must not be exposed to draughts, and it is convenient to have the set-up 
inside a balance ease provided with some arrangement (such as double 
lengths of thin wire or siring) for supporting a series of paper strips. 
The method is useful for acid dyes which separate into sharp and definite 
bands; e.g. a mixture of the four acid dyes, Xaphthol Oreen H, Tartrazinc 
XS, Solway Blue BS and Orange II ((>rder of increasing adsorbability; can 
be separated, water being used for adsorption and development. 



Fik t* Filter-paper eliroiiuitof^iaiii ot lour aeid (l\es (I i Orani^e II, (,2) Solway 
blue BS; (3) Tartrnzine \S, ami (4» Naphthol (lrei*ii B 

Basic and direct dyes,^^ do no^ separate into sharp bands from an 
a(iueous or dilute acetic acid solution; but clear separations can be 
effected when a 1:4 mixture of water and methyl cellosolve acetate is 
used tor adsorption and de\ elopment.^'^ Thus the following mixtures 
ha\e been separated: (a) ^lethylene Blue, Safranine and Auramine O; 
(b) ('hrysoplK'uine C'll, Oongo Red, and Ohlorazu! Sky Blue FF. Aura- 
mine () is more strongly adsorbed than Brilliant 'sireeii in contrast to 
tlieir behavior on alumina. Ruggh and Jensen were unable to separate 
a mixture of Auramine O and Alalachitc (.ireen, these can be separated 
on paper using pyridine as solvent for adsorption and development, and 
subseipiently exposing tlie paper to hydroehlorie aeid vapor. Chroma- 
tography of an ether or dioxaiie solution of the mixture after basification 
also separates Auramine () from Malachite (oven. ^ 

^’Tho adsorption of dirert dyes on libroiis rotten material by chromatographie te^b- 
inque has been mentioned bv Flujcel and Koeh, 7 titil-Rundfuhau, 11, 204 (1947), 
see also Lenoir. Bull. sor. chnu. France (V) 9, 475 (1942); Wykvpiel, KUpzig^a 

7Vj:nZ-Z. 43, 1034 (1939). . , 

^ “ The acridine derivatives, Atobrin, Acrifiavim* and 5-aiiiinoacridinc hydrochloride, 
have been separated on paper from aqiiiMuis solution, using water or dilute 
hydrochloric acid for development ; they x^ere not separable by partition chroma- 
tography; Lederer, .\atufe 106, 529 (1950), 
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The adsorption of azo dyes on paper generally runs parallel to thr 
number of azo groups present; the more the number of azo groups, tlx 
stronger the adsorption.**- ** However, the affinity of the dye for cellu- 
lose and other farlors play an important part. Thus a substauti\(> 
monoazo dye (Direct Fast Yellow FF; a dehydrothiotoluidinc derivali\( - 
is more strongly adsorbed than a nonsubstantive disazo dye (Cloth Fast 
Black B, an acid dye). Disazo dyes of the type (Ai Z +— Aj) in which 
at least one of the tw'o diazonium components, Ai or A 2 , contains a nitio 
group arc weakly adsorbed; thus Naphthol Blue Black B (p-nitr()aniliiic 
&ci(l hIIcs 

Il-acid ^ aniline) is less strongly adsorbed than th(‘ monoazo ac id 

dyes, Fast Red A and Orange II; the Irisazo dye (Jhlorazol (5reon liXS 
alk. tical 

(phenol benzidine » Il-aeid < p-nitroanihne) is less strongh 

adsorbed than the disazo dyes, Chlorazol Sky Hlue FF and Henzopui- 
piirine 4B. Neolaii Red B (a ehromium complex) is more \veakl> 
adsorbed than the parent azo dye, Kriochrome Red B. The soh (»nt 
for adsorption and dev’^elopment sometimes dctermincss the order ol 
separation; Benzopurpurim* IB is more strongly adsorbed than either 
Chlorazol Sky Blue FF or Diirazol Fast Blue 8(}S on filtc^r paper uMiig 
water as solvent, but the order is reversed when a(|ueoiis methyl eelio- 
solve aeetate is used. 

Rutter has pioposed a technique in whicdi a narrow stiip i^ cut tiom 
the edge to the center of a 11 em. filter-paper disc; the strip is bent 
perpendicular to the disc and cut to a length of l^cm.; the solulion to l>c 
analysed is placed as a drop in the center of the disc, w hich is placed Hal 
on a Petri dish wuth the strip dipping in the de\ eloping solviMit I'ontaincd 
in a small capsule. A glass plate, w’hi(*h may be engraved with a suitable 
scale to follow’ the course of development, is jilaced on the filter pa})ci lo 
retard evaporation. Rutter has suggested the treatment of paper with 
0.03^ aqueous cetyl trimethyl ammonium liromide and drying; the 
paper thus acejuires a net positive charge in contact with water, and is 
then more suitable for the chromatograph}' of certain acid dyes.^®^ 

Muller and Clegg have described a teehnuiue in which the preferential 
elution of a mixture of pigments is conducted in a restricted channel on 
filter paper; the progress of the elution is follow'ed automatically as each 
fraction crosses a patch of monochromatic light,^^ 

Brown ^®*iias described a method of adsorption s(‘paration on paper 

Saiure 161, 435 (1948); Analyst 76, 37 (1950) See also (Vgg, Anal. Cfnrn 23, 
396 (1951); 22, 48 (1950) 

Nature 166, 273 (1950). 

Anal. Chem. 21, 1123 (1049). 

Nature 143, 377 (1939). 
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which he used for separating green leaf pigments from a carbon disulfide 
.solution. A sheet of paper is pla(*ed between two glass plates (e.g. (> 
inches square). The cover plate has a small hole (-*10 or I4 inch) at the 
center. A solution of the mixture is added dropwise through the hole, 
followed by the solvent, th(* components travel outwards in concentric 
zones, and clear separation of certain mixtures can be elTected in this 
manner, lirown’s technique can be applied to some vat dyes by vatting 
the dyestuff mixture with hydn>sulfite and caustic soda and adding 
alcohol, dioxaiie, cellosolve or pyridine to the solution to stabilize the vat 
and reduce the affinity for cellulose Hy the addition of an equal volume 
of pyridine to the a(iueous caustic soda-hydrosulfite vat and by u.siiig a 
1:1 mixture of water and pyridine containing caustic soda and hydro- 
‘>ulfite for development, lh(‘ following mixtures have b<‘en separated; the 
(lyes are mentiou(‘d in the order of iiuTeasing adsorbahility: (I ) Caledon 
Jade Green and dibenzanthronc; (2) ('aledon Yellow 3G and dibenzan- 
throne; (3) C’aledon Gold Orange G and Caledfm Brilliant Purple 4R.®® 

A good s(*paration of direct dyes can be obtained 011 cellulose acetate, 
nylon or vinyon fabric®® after suitable activation, e.g. by treatment with 
/i-butanol.^'‘ When two drops of an at|ueoiis solution of the mixture are 
placed in the centre of the fabric, held taut in an embroidery ring, and a 
few’ drops of w’ater are used for development, a clear separation of a 
mixture of Chrysophenine CH, Congo Red and Durazol Fast Blue 8GS 
IS obtained 

Partition chromatography. The principle of partition chromatog- 
raphy was introduced by ^Martin and Synge^® in their work on amino 
a(‘ids; instead of an e<iiiilibrium between a solid and a licpiid phase as in 
the Tswelt method, eiiuilibrium is established between tw^o licpiid phases, 
one of the li(iuids being held in the f<»rm of a gel ot in a suitable support. 
Sili(*a gel, which ab.sorbs A\ator to the extent of jtbout 70*"^ w’hile still 
n»maii\ing an apparently dry powder, was first employed. When a solu- 
tion of the mixture under investigation in a w’atiT-immiseible solvent 
(eg, chloroform) is passed through a column oi silica gel, separations 
(Ic'peiuling on the ditTer<*nces between the (‘oiistitueuts in their partition 

'' (’f B()sc(Ut, \atun> 169 , 342 (1047i. Aica Lean tt al , Hit btasil hiol. 6 , 149 (1945). 

'Himhim. J. 35 , 135S (1911), \ahne 162 , 339 (1918), for reviews, see 

Hioihnn. J. 43 , \o. 4 (19I8I. Martin, \nnual Hept^. Chrm. Sor London 46 , 267 
(1948), Ptoc. Sipnposnnn on Partition VhioinntoKjiapUtj^ BiO(*heui. Soe., Ix)ndon, 
1949; Annnnt Hu Hwrhnn. 19 , 517 (1950). In ronn(vtio‘i with their work on 
tlie sejMirat ion of ammo neids on a ata** h eoluiim, Moore and Stem have described 
an automatic fraction collector; -1 \.y,Artid Set 49,265 (1948). Rockland 
and ]>unii projKise the n.anie *‘partographj ” for ])apcr partition chromatography, 
and describe a device for accurate ami rapid nMding of Hr values: Science 111 , 
332 ( 1950 ). 
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coefficients can be effected. Filter paper sheets saturated with water 
were later used as the stationary phase phenol, 7t-butanol, collidine and 
(pertain other solvents partially miscible with water wen* the most satis- 
factory organic solvents. The individual amino acids were identified by 
means of color reactions or characterized by their Rk value, which is the 
ratio of the rate of movement of the band to the rate of movement of tlic 
advancing front of the solvent. The ratio of the distance travelled by a 
given substance to that travelled by a standard substance (e.g. proline 
as an amino acid standard, the ratio then being calli'd the Rp value) can 
also be determined and used for identification. Ai» important advance' 
in partition chromatography on paper is tlu* use of two-dimensionar^ 
technique in Avhich the mixture applied at one corner of a filter pujx'i 
sheet is chromatographed in one direction with one solvent, and in a 
perpendicular direction with a second solvent.^* 

Sugars have been separated by filter paper partition (‘hroinatographv, 
for identification, they are converted to furfurals by heating with acid 
and a color reaction with naphthoresorcinol is tlien used Other types 
of substances (among hundreds) which have been separated by thi^ 
technique are alkaloids, porphyrins and pterins, penicillins,^® natural and 
synthetic anthraquinone pigments, anthocyanidins,^®*' flavoriol glyco- 
sides, alkylation products of 3,5-dinitroanilinc,^®'^ phenols and phenolic 
acids in connection with the bacterial oxidation of aromatic compomuls,^’'' 
aliphatic acids, and inorganic compounds.'^* Phenolic acids arc Icvss 
strongly adsorbed in paper partition chromalogi’ajihy than the coric- 
sponding amides.*^" 

The effect of a substituent group on chroniatographn* behavioi hii'- 


been stated (piantitatively as Ww = log 



ARxf is neai ly constant 


for a group in similar molecules; when Rm is plotted against the numbci 
of substituent groups of any kind, a straight line is usually obtained 
Irregularities are attributed to the effect of ortho and vicinal substituents 


“ Con.sdon, Gk>rdon and Martin, Biot hem. J. 38, 224 (P.144), 40, 5S0 (1941)) 

” ParindKC and Wcstall, Btochem J. 42, 238 (P.MS). 

” Goodall and Levi, NaXnrc 168, 675 (1946), Wiiinton and Spark, Brunt e 106, 192 
(1947). 

•••Shibata, Takito and Tanaka, JACB 72, 2780 (1950). 

•**Spaoth and Rosenblatt, Science 110, 258 (1949). 

Gage and Wender, Anal. Chem. 22, 708 (1950). 

Roberts and SeJby, JCB 2785 (1949). 

Evans, Parr and Evans, Nature 164, 674 (1949). See also liiloy, JACB 72, 
(1950). 

**Linstead ei aL^ Nature 162, 691 (PJ48); 168, 64 (1949). 

Bray, Thorpe and White, Riochem. J. 46, 271 (1950) 
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Values of Rr and have been determined for several flavones, antho- 
cyanins, catechins, and related compounds, as well as a series of benzene 
derivatives containing OH, OMe and (’OOII groups.'*^ In connection 
with work on chloramplnniicol and its decomposition products, the Rr 
values for numerous aromatic nitro compounds, amines, aldehydes and 
carbinols havo boon doterminod/’**'' 

Alumiiia-inriprc'gnatod filter paper has been used for the separation of 
vitamin A and other C'arr-Priee ehromoj^ens from simple organic sol- 
vents. Jilter paper treated with silieie acid elTects separations (e.g. 
of the dinit rophenylhydrazones of methyl ethyl ketone, methyl n-propyl 
ketone and methyl isopropyl ketone^ whieh are not possible on untreated 
paper. 

Partition chromatography can be applied with advantage to the 
separation of dye intermediates and of the degradation products of dyes 
in connection with con.stitutional problems. 

Ion-exchange chromatography. loii-e\cha.rge is well known for its 
use in water softening and \\as first applied to the separation of inorganic 
anions and cations. Attemjits to apply chiomatogra])hie theory to ioii- 
exenange adsorption ha\e been made more recently. Synthetic resins 
with selective adsorption and ion-exehange properties (Adams and 
Holmes, 1935) are now linding increasing use in the chromatographic 
analysis of lonizable organic compounds. Both acid resins for cation 
exchange and basic resins for anion change* are available. Adsorption 
l)y these* resins is large»ly ele^terminenl by the c'harge carrieel by the solute 
(althemgh exchange adsorption is a very complex process), and for elution 
an acid, alkali eir .salt is (*mpU)yeel. Synthetie* anion-exchange resins 
(e*.g. Amborlite IR4) have been used feir the chromatographic separation 
of amino ae-iels (e.g. glutamic and aspartic acids in a ^\ool hydredyzate).®* 
Other examples of the use eif iem-e\e*hange are i‘ icleic aciel analyses, 
aelsorption of alkaloids, and isolation the free siilfemie ae’ids from azo 
dyes containing sodium sulfonate groups.^'* Richardson has observed 
that the dye acids of Sky Blue FF and other dy(*s of large molecular size 
arc rapidly adsorbed by the ion-ex(*hange n*sin Deacidite B to a low final 
CM|uilibrium figure: with a decrease in the molecular size a point is reached 
at which a slow difTusion into the structure ol the resin begins.'®®- 

Hato-Smith (tal.y Ihorhim ti Hiophi^s, Acta 4 , t27. 441 (1050) 

Smith and Worrol, Arch. Hiorhm. 28, 1 (1050^ 

Dalta ft aL Xaiun 164 , 073 (1049). 

Kirrhner and Kollcr, JACS 72, 1807 *050). 

‘M^on.sdcn, Gordon and Martin, Biochem. J, 42, 143 (1048). 

(^ohn, JACB 72, 1471 (1050); li sapia 

Mukhorjeo, Gupta and Bhattachnna, J. Indian ('hem Sac 27, 150 (1050). 

See also JCS 910 ( 1961 ). 
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Ion-exchange chromatography can be used for the separation, purifica- 
tion and analysis of ionizable dyes (acid and direct cotton dyes containinji 
sulfonic groups as well as basic dyes containing “onium^’ groups), and in 
the identification and analysis of the products obtained by reducti\(‘ 
fission of azo dyes. Cotton fabrics may be (‘hemically modified so thai 
they function as anion- or cation-exchangers, and may then prove useful 
in the ion-exchange chromatography of dyes.*^*^** It shouhl be possibl(‘ 
also to use a protein as the adsorbent, and obtain data on the ‘‘exchange 
affinity” of dyes, which may assist an understanding of the relation 
between the constitution of dyes and their affinity for protein fibers. 

The adsorption of a surface-active or water-insoluble acid (e.g. a fatly 
acid or lecithin) on alumina, activated charcoal or other adsorbent, a 
“primary adsorbate,” enables cations or bases (e.g. o-aminoacridine) to 
be adsorbed as “secondaiy a<lsorl)ateh” which can then be eluted by acnl 
solution; conversely cationic surface-active agents can be used for pre- 
paring adsorbents for aci<ltN or anions 

An example of “chemiebromatography ” is the use of a column of a 
mixture of starch and S-hydroxyriuinohne for the separation of inorganu 
ions and lor the <iuantitalivc estimation of variations m zinc content ol a 
cupro-nickel-ziuc alloy. The use of mordant dycrt for simitar pnrpoH's 
and, conversely, the use ot copper, chromium and other salts capahh'ol 
forming metal-dyo complexes for the separation of mordant dyes arc 
possible applications of chemichromatographv. 

The Grken-Cj-a\tox SrHi:ME ov IdfTn'tifk^vtion 

Witt in 1880 prepared a scheme of anulysi.s based on the .shade, s<»lu- 
bility and behavior towards caustic soda, Uy which the small nunihet of 
dyes then known could be clas.sified into groups A year later Weiii- 
gartner suggested the use of two reactions for furl her suIkU vision 
precipitation by tannin which distinguished l>asic from acid colors, and 
reduction with zinc dust. In 1893, A. G Green evolved a pro(*<‘durc 
vvliich has stood the test of time and which is so comprehensive that tlic 
numerous new dyes discovered since then (»an be fitted into the scheme 
with suitable modi(ication.s.‘^ The scheme* is dependent on two prin- 
ciples. The first is division into the following four groups on the hasi'^ 
of solubility and dyeing properties: (1) ba.sic dyes, soluble in water and 
dyeing lannin-mordanted cotton; (2) “salt dyes” (direct cotton dyes), 
soluble in water, not precipitated by tannin ami dyeing nnmordanicd 

HofTpaiiir and (jiitJiric, Ttxtilr RcHcarch J . 20, 018 nil|50) 

*• VVeisK, Saiure 162, 372 (1948). 

liobinHon in Itcf. 13f;, kcc also Krlcniiicycr and Dahu, Udv. Chiw Avta 22, 
(1939). 
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(*ottoii; (3) acid and acid-mordant dyes, soluble in water, not precipitated 
by lanuin and without affinity for unmordanted cotton; (4) water- 
iusolublc dyes (sulfide, mordant, vat dyes, etc.). The second principle 
IS the behavior of the dyes on reduction and reo\idation as indicated in 
liable 1. 

Oreen thus (onstiuitc^d a ^ellcs of twenty-seven tables wdth the aid 
of which a single dyestulT in comriKM-cial us(‘ can generally be classified 

1'ABLE I 


Duolonzed hy ziut 

dtist 



Color lOitond 
on exposure 
to air 

('olor not 
r(.storfd hy nir^ 
but by otlu r 
oxidiziny ayntts 

Colot not 
tti^tond by ait, 
or oth( r 

oxidiziny nyt nts 

rriaJJfcUd or 
dffoloi iz(d 
blotily and 
pat holly by 
ZUH dust 

decolorized 
by zinc dust, 
but changed 
in shade 

Oxazuicss 

Tliiazc'cs 

Vcndincb 

PlithMloms 

Tripheuvl- 

incthanc*! 

Plithalcin^ 

Ood) 

\itro 

\itro«*o 

V/o 

Quinolines 
Thi azoles 

\nthrnqiiiiiones 


(Molot and 
blue) 
Ifnligoids 


without difficulty. The shade of the dy(^ applied to a suitable textile 
hb(T is an important clue to its identity Attei determining the dyeing 
class, the (lye^tufT is taken up on a small hank of yarn and the shade 
compared w ith the shades in a manulactiirei ’s de card for the relevant 
class of dyestulT. (ireeiTs and other tables t(»’ dyestulf analysis are 
therefore arranged accoiding to the •shades. 

A preliminary scheme of analysis is outlined in Tables If and III. 
Dyestulfs are first classified on the basis of their solubility in w’ater and 
of their dyeing properties, using standard procedures for the dye-trials.®^ 
Soluble dyes are thus divi<led into seven groups: (1) Direct cotton dyes; 
(2) Acid and acid-mordant dyes, the latt<T cUw being distinguished by 
dyeing on chromed wool and noting that little or no color is stripped on 
treating the pattern with boiling ammonia; (3) Metallized dj^es of 
the Neolan and Palatine Fast types; (41 Kasic dyes: Some sulfur dyes 

containing sodium sulfide, contiini' 1 by testing lor suliur by boiling wdth 
stannous chloride and hydrochloric acid and observing the browm or black 
«tain produced on lead acetate paper; (0) Solubilized vat dyes of the 

Scp Chapter VI. 
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Indigosol and Soledon types, the precipitated vat dye obtained by treat- 
ment of the aqueous solution with dilute sulfuric acid and sodium dichro- 
mate being then examined : (7) Cellulose acetate dyes of the Solacet type* , 
these dye wool and are hydrolyzed to an insoluble azo or anthraciuinoiic 
dye and sulfuric acid on boiling with concentrated hydrochloric ii(‘Kl 
The next stage is to study the behavior of an aciueous solution of th(‘ 
dyestuff at room temperature and at (>0° on the addition of (a) hydro- 
sulfite, and (b) 5% caustic soda solution followed by hydrosulfite ; il 
decolorization takes place, a drop of the solution is placed on filter paper 
and the behavior on (a) exposure to air and (b) treatment with a drop ol 
an aqueous solution containing potassium persulfate and 2^1 sulfurn* 
acid is observed. The typical behavior of the dyestuffs of various 
chemical classes is shown in Table II, in which = decolorized, CR = 
color restored, CNll = (*olor not restored, PI) = partially or (lifficnltl\ 
decolorized, XD = not decolorized, and DZn ~ decolorized by boilmjr 
with glacial acetic acid and zinc dust. The Table refers only to th(* 
(|ualitative behavior of each (‘lass of dyestuff, and the precl^e color- 
changes must be carefully observed and compared with those of auth(Milic 
samples of the suspected dyestuffs. 

Insoluble dyestuffs may first be classified as in Tabh^ III, and the 
specific dyestuff identified by the colorations produ(*ed by such i(‘ag(Mits 
as (a) alkaline hydrosullite, (b) sodium sulfoxylatc-fonnaldchyde acidified 
with acetic acid, (c) concentrated sulfuric acid, (d) (*onccntr'at('d nitric 
acid, and (e) warm concentrated sulfuric acid an(4J>oric acid.^** Vat and 
sulfur dyes are applied to cottcni and the tests carried out on the dved 
fiber. Lakes of direct, acid, acid-mordant and basic dyes ar'c decomposed 
by boiling with o^c sodium carbonate solution; some lakes of basic dyt‘s 
may require boiling caustic soda solution saturattnl with salt. The 
solutions are then examined as in Table II for identifying the chemical 
class. By prt'cipitation of the .solutions with barium chloride the tung- 
stic, molybdic and other acids used for hiking may be separated and 
analysed. Azoics can be crystallized from organic solvents (e.g. diovane) 
and characterized by their melting points.^** 

When the chemical and dyeing class to which a dye belongs has Ixmmi 
found, the shade, characteristic* (*olor reactions and other simple specific 
tests*® are often adequate for identifying a commercial dye of known 
constitution, especially when an authentic sample is available for coni- 

f 

For further details and refs, regarding the identificatioin of vat dyes, see Chapter 
XXX. 

•* For the identification and analyHis of azoic roupliiig con)poncnt.s and the UaiiHi 
Fast and Rapidogon types of printing colors, see C'heptcr XXTI. 

See Cl and ST. 
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TABLE II (Continued) 

(7) (i) W) W) 

Expose Add per- 

CketHKal Xeutral Alkaline (2) to hulfaU 
elasa hydroaulfite air on (3) 


(A) 


Sptdal teath 


l^ioxazine D 1) OH 

(Sinus Supra 
Blue type) 

Thiazine ]) I) (*R 


Anthiaquinonc’ 

(a) Acid ND, but thant^edC'H 

d\es in shade 

(b) Oellulose M), but changed 

acetate m bhade 

dvps 

(Solacet 

t>pc) 


CM 

# 

OR or Basic mordant d>e8 ol fhi 
changed oxazine and thia/mi 
classes (eg Modem \io- 
lots, Brilliant Ahzann 
Blues) are distinguished 
b\ their being precipi- 
tated Iroiii acpieous solu- 
tion by (hroiuiuin tn 
fluoride 

OH 


Boil w ith h\diochloiu k id 
test filtrate for sulfuiu 
ac i<l ind pre< ipitate for tn 
atiimoanlhi iquinoiu 


(c) Solubi- rs n, but ( hanged Ooloi id pret qutate ^nahze preiijutate is tor 
lized in shade vatd\es 

vat dyes 


Indigoid 

(a) And 
lives 

(b) Solubil- 
ized vat 
dyes 


Yellow bolution CH C’H 

’bellow solution ( Vdored prei ipit ite \nalv/e prec qiifate n*' for 

\at d\es 


Phtbalocvaniiie 


(a) Sulfonic 
acids 

Purple Purple OR 

(Ireeii 

(b) Basic 

Bluish green 


dyes 

precipitate 


Cyanine 

' ND D OH 

OH 

Quinoline 

NI) ND, 


(Quinoline 

yellow 


Yellow) 

precipi- 

tate 



DZn 





T\BLE III (Continued) 


1338 IDENTIFICATION, ANALYSIS, AND EVALUATION OF DYESTUFFS 


s 


£| 
-a ® 


I I 

"i 


X Xs ^ 

p2 ^ .2 

S 8 S 

^ O) 4) V 

^ B B B 

& Si S S 




eg s 




3 


2 2 3^ 

lil£ 


1 

^1 1 
S I 


z' a 


-d ' ^5 5; 

c u c c n 

I o ^ ^ ^ 

I 2 o o c 

Q a c; 5 


c 

a 

■§• s 

i-a 
8 -S 

^5 


« 

2 

3 

s 

d 


S ' 

i ' ' i 

1 I "SSI'S I 


& 


CL, O g 
-< 


•T3 
■*./ 

C 

d -rS 
O P5 

S ^ 
c-S 

Jh 


d 

2 

ii 


-r P 

IS 

-tJ o 




2 S 


iSi 0 3 

s: y 5 Sf 

^ -r. C 

g ^ I- 

111 


(h >/* 

O 

5- 


C 


— ra 


06 

-3 

? 

-3 

z 

d 


" PM 

*3 ^ 

tM 3 

® -S 

£ 2 
B 

2 


s. 

JQ 

■m 

O 

£ 

-4 


I 


pp o 

O 3 


4p 

I 


S i a 

S " g 

^t5 - 

9 "2 2 

^ 3 
Add 

|s-s 

g s B 


5 d 
_g - d 

d o -4J 


X 

3 

2 

d 


Op 

2 

3 

? 

d 


3 

9 

d 


3 

d 

d 


3 

2 


*o 

3 


^ £ 


pO 

3 

? 

a 


Z 2 ^ 


I 


6 

d 

d 

d 

0^ 

8 

2 

.d 

♦J 

d: 

Pu, 


o 

2 

o 

d 

2 

d 



THE GREEN-CLAYTON SCHEME OP IDENTIFICATION 1339 

parison. Spot tests,** such as the acid and alkali colorations, are con- 
veniently carried out in a porcelain plate provided with a series of hollows 
for this purpose. (^hara(*teri.stic tests for some dyes may be mentioned. 
(1) Many azo dyes give characteristic colors in concentrated sulfuric acid. 
Azo dyes are partly or completely decolorized by bromine water and one 
of the products for (‘ach dye is usually the* diazonium bromide of the 
})rimary component; by coupling with jS-naphthol and observing the 
characteristic color reactions of the new dye the original dye may often 
be identified.** (2) The color of the hydrosulfite-alkali vat, the acid vat, 
the sulfuric acid solution and the nitric* acid solution, and the color 
changes when the dyed yarn is treated with oxidizing agents, arc useful 
for anthraqiiiiionoid vat dyes. A scheme of dyestuff analysis specially 
(‘onccTned witli vat and azoic colors has been largely based on the behavior 
of the dyes towards a<iueou.s and concentrated pyridine.®^ (3) Some of 
the mordant colors, such as Alizarin, are polygenetic, and by immersing 
in a boiling aciueous solution or sirspension of the dye a piece of calico 
printed in narrow stripes of aluminum, iron, chromium, nickel, cobalt, 
titanium, tin, antimony and copper (**Scheurer Streifen”), a charac- 
teri.-^lic •spectrum” is obtained. (4; Aniline Black turns brown with 
hypochlorite solution and is de<*olorized by strong permanganate solution. 
(T)) Methylene JBue turns green with nitric acid, (b) The phthalein dyes 
exhibit characteristic color change.^ and fluorescences with change in pH. 

Formanek and Knop®* have determined the absorption maxima of a 
large number of commercial dyes, and those possessing characteri.stic 
absorption bands, such as the triphenylmethanes, azines, oxazines and 
thiazines, can be thus identified. Alany hydroxyanthraciuiiiones, azo- 
phenols and hydroxy ketonic dyes give with concentrated sulfuric acid 
and boric acid beautifully colored .solutions with cliaracteri.stic absorption 
.spectra.®**'®^ The Hardy Kecording Photoelec *'ic Spectrophotometer 
(Cleneral Electric Co.) is a valuable and versatile instrument w'hich can 
b(* used for obtaining both t ransmi.ssion (*urves for dyestuffs in solution 
and reflection curves for dyed fabrics or c^olored surfaces, for qualitative 
and fpiantitative analysis, and for .shade matching purposes.®® Metallic 
<‘onst ituonts or impurities can l)e detected and estimated by examining 

an account of the technique of sjwt tests in general, sc^e tcigl, Sipot tests, 

Nordemann, Now York, 1037. 

/aihlke, Melliand Textilber. 17 , 860 (1930;. 

rntorsuehung und Xaehweis org. Farbstoffe auf Spektroskopichem \Negc, 2nd ed,, 

Springer, Berlin, 1920. i . t. , ^rr ^ 

' ‘ I'iorz-David and Yaraley in Allen’s Coiiiincrcial Organic Analysis, \ol. VI, oth ed., 

Ohurchill, Ijondon, 1933. , 

examples, sec Selling, J, Sue. Dyt rs Cohunats 63 , 410 (1917); Mersereau and 

Barach, Textile liesearch J, 18 , 430 (1948). 
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the arc spectrum produced by the dyestuff placed in the hollow tip of an 
electrode; the dyestuff may be ashed first and mixed with a salt of pre- 
determined spectral character.** X-Ray patterns were used by 10 for 
the ideutificatiou of cTystallinc substances, and the method was found 
to bo particularly useful for identifying members of the Xaphtol AS seric.s 
in mixtures.*’ 

Vesce** has described a microcryatallization tcchniciue for the identi- 
fication of dyestuffs. The dyestuff is dissolved in concentrated sulfiiru- 
acid, allowed to stand, and then examined under the microscope for the 
characteristics of the deposited crystals. The method is valuable for azo 
dyes and lakes. ^Microscopic (‘xamination and photographic records ot 
pigments in aciueous suspension and of the intermediates undergoing 
diazotization and other rea(‘tions dining manufacture provide useful 
data for the identification of pigments and for the eontrol of manufactui- 
ing processes.*® ilieroseopy, employing light and electron mieroscopct,, 
is useful also for particle mzo determinations.’® 

For the precise identifi<'ation of a dye a more elaborate (‘hemical invest i- 
gation involving degradation and other experiments may become n(*c(\s- 
sary; this is true for instance of azo dyes because of their very large 
number and the minor variations in structure and properties among the 
dyes prepared by permutations and comliinations of a relatively small 
number of intermediates. Reductive fission and chara(‘tenzation ol the 
products is the essential procedure for the identification of an azo d>e 
(see Chapter XI). 

The identification of dyes on the fiber is basccl on the same gcneial 
principles as their identification in substance. The procedures in the twe 
cases are in fact interdependent. Dye-fiber relationships constitute one 
of the essential clues in dyestuff dete<*tion, and further, a convenient 
method for the isolation of a coloring matter free from inorganic and 
uontinctorial diluents is to dye it on a suitable fiber; color reactions ami 
spot tests arc often best carried out on the dyed fiber. Conversely, c 
dyed or printed textile may have to be stripped (e.g. by solvent extrac- 
tion) and the dye then examined in substance; the solvent extract nia> 
be directly used for observing tlie absorption spectrum. There arc 
howeviT, a few special problems associati'd with the identification 0 i 
dyestuffs on the fiber. While dyestuffs in subatance W'ould normally 

••Sawyer, Fxpeiri mental Speclroseopy, Prentice- Rail, XeW York, 1944 
•’ FIA T 1318, III. See also Susicli, AnaL Chem, 22, 425 (1050). 

•• Mattiello’fl Protective and l>eorative Coatings, Vol. Tt, p. 124, Wiley, New York 
1942. 

••Pratt, The Chemistry and Physics of Organic Pigments, Wiley, New York, 19 1« 
’•Bmbaker, huJ, Eng. Chem. Anal. Ed. 17, 184 (1945). 
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|)C available in quantities suffideut for a comprehensive analysis, a 
sample of a dyed or printed fabric a few inches square may be all that is 
available, so that micro technique and skill of a hijrh order, combined 
with an extensive knowledge of the dyeing and prinling industries and 
trades, are called for. The identification of the fiber or mixture of 
flbers^^ in the colored textile must be the first step, since it narrow's down 
the search for the dyestufT. The dyestuffs commonly encountered are 
acid and acid-mordant dyes on wool: acid and dirc'cl cotton dyes on silk; 
substantive, azoie, vat and sulfide dy(^s on cotton (with the addition of 
chrome-mordant and basic dyes in calico prints), and the same classes 
with the exception of the* sulfide dyes on viscose* and cuprammonium 
rayons; and a distinct group of azo and anthraeiuinone dyes on cellulose 
acetate. Mixed fibers present additional problems except when the warp 
and weft are of t\vo different fibers so that they can be pulled out and 
examined separately. Water-proof and other finishing materials fre- 
(jiiently interfere with the identification of (b c^tuffs. a common effect 
being to slow' down the chemical reactions (e.g. the reduction of an azo 
dye by hydrosulfite) in the tests: the finishing materials must therefore 
be carefully removed as far as possible. 

A mixture of dyes ma}’ lx* present in a dyeing for several reasons, 
'rhe dyeing may have been carried out by a (Commercial dyestuff which 
is itself a mixture of dyes or b}" a mixture of dy(‘s used by the dyer in 
order to produce a given shade The shade obtained from one dyestuff 
may be ‘topped’' by using a small amount of a second dyestuff, w'hi(ch 
may belong to the same or a differeni chemi(*al and dyeing class. Top- 
ping may be for the purpose of shade matching or for improving brightness 
and fastness. In dyeing indigo on wool it is common practi(*e to “bottom’* 
with logw'ood or ‘‘top’’ with an acid or acid-iuo’dant color; a red color 
(changing to violet by the addition of stannous Wloride) is produced by 
boiling w’ith dilute hydrochloric acid if logw'ood is present. ^Materials 
\^hich have been dyed in uiilevel shades may be redyed brown or black, 
sometimes afU»r partial stripping. The id(*ntification of the dyestuffs 
in a compound shade on a fiber thus involves problems somewhat different 
from those discussed in connection w'ith dyestufl’s in substance. A mix- 
ture of dyes of different chemical classes is relatively easy to spot by the 
use of specific reagents; a mixture of two acid dyes, one of the azo and 
the other of the anthraciuinoue class, can for instance be detected by the 
behavior towards reduction and rcoxidation. If it is possible to strip the 
•'"hade partially or completely b> treatment with w'ater, w'eak alkali, 
dilute acetic acid or organic solvents, the solution can then be examined 
•>y the methods described earlier. Vat dyes on (ellulosc can be isolated 
by dissolving the dyed fiber in concentrated sulfuric acid and precipitating 
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the vat dye by dilution with water; and it may be possible to separaio 
the dyes in a mixed dyeing at this stage by fractional precipitation 
When the dyeing consists of a mixture of dyes of different types, soKoin 
extraction might effect a separation; for instance, indigo can be extract ( h 1 
with a mixture of phenol and solvent naphtha from a dyeing in which tlu 
vat dye and an acid or chrome dye are present. 

Clayton in 1937 described a scheme for the identification of dyestnils 
on the While it is based, as indeed any procedure for dyestiilt 

analysis must be, on (Jreeu's labk's, new and more effective reagents 
have been used, the dyes discovered in the interval have been taken into 
account, and as a result Clayton’s tables are substantially different from 
Greenes. The Clayton tables represent the most satisfactory scheme \\(» 
now have for identifying dyestuffs. Although they refer to dyestuffs on 
the fiber, it is obvious that they can also bo lused successfully for the 
examination of dyestuffs in substance. The following reagents are nstnl 

(1) dilute ammonia (1 cc. ammonia, 0.880 sp gr.. in KM) cc water), 

(2) 59J caustic soda solution; (3) sodium carbonate solution, (t) o', 
ammonium chloride solution; (5) 3^^ hydrogen peroxide; ((>) vat (hr' 
developer (8 g. ammonium chloride and 1 g. ammonium persulfate dis- 
solved in 100 cc cold water): (7) Formosul (J (20 g. Formosul are dis- 
solved in 73 (‘c. hot water and diluted with 75 cr* cold water and 50 g 
ethylene glycol): (8) ethylenediamine (the commercial product is coloi- 
less, has sp gr. 0 97 and bp 117®; it is readily stiluble in water and con- 
tains 00 70^ c of base); and (9) Developer 0(1 ammonium persulfate 
and 0.5 g. ammonium dihydrogen phosphate dissohed in 100 cc water) 

The first tw'o experiments are (1 ) a simple stripping test , and (2) the 
behavior of the pattern towards Formosul G, and ot the treated pattern 
tow’ards air or 3G hydrogen peroxide. The stripping test can gne 
information which immediately indicates the dyeing (*lass; thus if (lv(d 
wool stains white cotton w'hen the two are boiled together in 50 sodnim 
carbonate solution for a minute, a direct cotton dye is indicated. The 
action of ethylenediamine is a valuable test for many dyes, since com- 
mercial ethylenediamine is a powerful solvent for dyes, is strongly basic 
and has reducing properties Indigoid dyes are converted into then 
leueo compounds on wwming with this solvent at 50 (lO® or even at looin 
temperature; most anthraciuinone dyes on the fiber are only slightly 
reduced, but they dissolve in the boiling solvent, either directly or as tin* 
leueo derivatives. From the color of the solution and of the fil>cr, 
together with the behavior of both in the reoxidation tests, the dyeing 
and chemical class, as well as some of the dyes spcndfically, can be idcnti- 

jr. Soc, Dyers Colaurista 63 , 178 (1937); hoc also Bradley and Derrett-Smith, tbid 66, 

113 (1940); Redston, Can. Textile J. 66 , No. C, 34 (1938) 
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fied. All vat dyeings and prints give solutions of the leuco compounds 
when they are treated with ethylenediaminc to which a little glucose and 
a few drops of 50®T\v. caustic soda solution arc added. /i-Rutylamine is 
mIso an effective solvent in conjunction with hydrosulfite for stripping vat 
dycs.'^ Some Neolan colors and chromium lakes of a(*id-mordant azo 
(lyes are difficult to reduce* on the fiber with Kormosul (i, even after a 
preliminary boil with Ifi 30^ r hydrochloric acid; but on warming with 
cthylenediamine the metal-dy(* complex disscjlves without alteration In 
color, and the solution is rapidly decolorized by reduction wl\(*n a little 
hydroHulfite is added. Azoic (ly(*h are extracted l)y cthylenediamine, and 
the solution is (|uickly and irrev(n*sibly decolorized by the addition of 
hydrasulfite. In using ethylcMH-diamine for wool and silk patterns, the 
degradative action of the basic solvent on the protein fib(*rs hjis to be 
borne in mind, but the dyes dissolve much more rapidly. While most 
substantive dyes on cotton and viscose bleed on lr(*atment with boiling 
y't caustic soda solution for a minute, the fast ;o light dioxazine blues, 
such as Sirius Supra Blue FFHL, are r(‘sistant : but they arc stripped com- 
pletely bv cold cthylenediamine in a few minutes Sulfur dyes on cotton 
are characterized by the liberation of hydrogen sulfide (lead acetate paper 
test) on warming with zinc or stannous chloride and hydro(*hloric acid, 
combined with the ready decolorizatioii effected by boiling 3®Tw. sodium 
hypochlorite solution. The Indocarbon type is not decolorized by 
hypochlorite, and is identified by the reddish solution it gives in boiling 
cthylenediamine, whi(*h reverts to black on dilution with lap water con- 
taining di.ssolved oxygen. Sulfur Black dyeings give gn^enish solutions 
in cthylenediamine. 

Whittaker and Wilcock^- have described tests for the identiticatiou 
c)t dyestuffs on the fiber which they have tound u-t ful for routine work, 
and some examples may be (luoted. ("hlorazol hii-'t Orange AOS dye- 
ings, when placed in alkaline hydro.sulfite solution, change in color to a 
red-violet shade, but can be ultimately stripped to a white. Direct 
and developed dyes may be distinguished by placing them between two 
layers of bleached calico, wetting with water and drying with a hot iron; 
the direct dyeings stain the calii'o much more than the developed dyeings. 
Aniline Black gives a green solution wdien the pattern is ti^ated with just 
'sufficient concentrated sulfuric acid to char tin* fiber, and then with 
cold water. Azoics are detected by stripping with alkaline hydrosulfite 
in presence of undyed viscose and observing the ultraviolet fluorescence 
of (he viscose as well as the stripping liiiuor. ^lany azoics are soluble 

chloroform and other organic solvents, liasic dyes on a tannin 

^Multaker and Wilcock, Dyeing with (W-tar Dyestuffs, 5th od., B^ulh^re, Tindall, 
und Cox, Ixindon, 1949. 
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mordant become very flat because of the formation of blue-black iron 
tannate, when the pattern is warmed with ferric chloride solution and 
washed. Turkey Red dyeings change to a maroon on boiling with titan- 
ous chloride solution; and the characteristic violet color of sodium alizau- 
nate is obtained when the pattern is distintegratcd with concentrated 
sulfuric acid and then carefully treated with strong caustic sodasolution 
Carbon Black is the main black used for the mass pigmentation of rayon, 
and is detected by its stability towards the reagents mentioned earluM 
Blacks on wool whicdi are fast to potting are distinguished by their not 
being destroyed when the pattern is boiled for two minutes with 2^ 
nitric acid. I.ogwood Black gives a red color, changed to violet with 
ammonia, when the pattern is boiled with dilute acid. Indigo gi\Oh a 
bright yellow spot with a green rim w^hen the pattern is spotted with con- 
centrated nitric acid; indigo can be sublimed off the fiber by gently heat- 
ing the pattern in a test tube. Dispersed dyes on cellulose acetate aie 
distinguished from the Solacet type by the fact that the formc»r are com- 
pletely stripped by treatment with a mixture of methylene chloride and 
benzene (40: (50). 

Metals present in dyed and printed materials provide data regarding 
the nature of the dyestuffs. The metals, however, may not be assoc iated 
with the dyestuffs, but w’ith rot-proofing, w^ater-proofiiig, delustering and 
weighting processes; in addition the natural fibers contain small amounl^ 
of mineral matter which may persist in the finished textiles. The detec- 
tion and estimation of metals in fibers are csi 4 ;;’ied out after ashing tlu* 
sample in a platinum crucible In dealing with small samples, spot tc'^ls 
and micro technique using organic reagents are advantageous. 

Detailed procedures for the detection of metals in fibers, dyes and 
pigments have been described by Clayton.^® Since the chromium coloi^ 
are largely used for wool, the identification of chromium on wool still 
leaves a wide field for search to specify the dyestuff present. Except foi 
mineral khaki and substantive dyes aftertreat ed wdh potassium di(iin>- 
ihatc or chromium fluoride, ehromium is not likely to be found in d>cd 
cotton, but only in prints; and w^hen ehromium is detected in a printed 
pattern of cotton or viscose, the ilyestufT must belong to a small grou]) ot 
arid-mordant dyes applicable in eoiijumdion with a chromium salt such 
as the fluoride or the acetate. A black on cotton containing copper and 
chromium^points to Aniline Black; and aluminum and calcium in a biight 
red dyeing or print indicate Turkey Red. 

An extract of the pattern may be used for determining the absorptiua 
spectra. Fluorescence under ultraviolet light sometimes gives usd’ul 
indications, e.g. of iS-naphthol and thiazole derivatives.^^ 

J. 8oc, Dyers Colourists 58 , 380 (1937). 

Fierz-David, J, Soc, Dyers Colourists 45 , 133 (1929). 
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Furs are usually dyed by the oxidation of p-phenylcnediamino, 
^^-iiininophenol or o-aminophenol on the filxM*; the first is the most impor- 
lant, being largely used for blaek shades. Dermatitis may be caused by 
dyed fur, and the analysi>s of fur dyes from this point of view has been 
investigated by Cox.’^ The color reactions of sudi intermediates and 
(lyes have been tabulated by Schulze.’® 

Analysis of organic pigments.” The general .scheme for the analysis 
of dyestuffs in substan(*e may be u.sed with the modifications necessary 
because of the insolubility of the pigments in water. The main classes 
of organic pigments are nitro compounds; azoics; lakes of acid, basic and 
mordant dyes; vat dyes; and phthalocyanine^. They are identified as 
indicated in Table III. Acid <lycs are extracted from the lakes by boiling 
sodium carbonate solution, and basic dyes liy boiling caustic soda solution 
saturated with salt; the dye after acidification with acetic or formic acid 
IS transferred to w’ool. Lakes of mordant dye.s such as Alizarin can 
usually be decomposed by boiling with caustic soda solution and the 
mordant dye isolated by acidification. ]Maflder lakes can also bo dceom- 
posed by boiling with ON hydrochloric acid.’** 

Cviuiiion pigments of known constitution, a .series of which have been 
taliulatod, can bo identified by their appearance, dry and wiicn wetted 
by sulfurie acid, viewed by daylight and ultraviolet light; but there are 
difficulties due to the presence of impui itics.’** Carbon Black and Aniline 
Jfiack ill admixture may he dilTenuitirMled hy removal of the latter as a 
lirow’ii oxidation jirodini by treatment with nitric acid.**" 

EvVLVVriON OF DvESTI FFS 

Three types of methods are available for evaluating dyestuffs: (1) 
chemical analysis; (2) colorimetric estimation; «iid (3) examination of 
the dyeing properties or * My o-t rials. 

Chemical analysis. The estimation of a dye by chemical analysis is 
possible when the constitution is know’ii and when the dye possesses a 
reactive group amenable to reduction, oxidation or other chemical reac- 
tion in a quantitative manner. The most widely applicable method is 
reduction by titanous chloride;®* the titration may be carried out directly, 
or the dye may be reduced by excess of the reagent which is then deter- 

Analyst 64 , 094 (1929); 58 , 738, 743 (1933); 69 , 3 M931). 

Tcxtilforsrh-Ansialt Krefdd 9 , 27 (1933); soo also Gnehol and Weiss, Z. 
^^ntersuch. Lebensm. 67, 86 (1934). 

’’tircou, J, Oil Color Cht mists' Assor. 11 38 (1928). 

Ikniubridgc, Assoc, Offic. Agr. Chemists 26 , 956 (1942\ 

liarkor and Walker, J, Oil <fc Color Chemists' Assoc. 23, 19 (1940). 

““ Anon, Farben Zig. 47 , 189 (1942). 

Knecht and Hibbert, New Reduction Methods in Volumetric Analj'sis, 2ud ed., 
l^ngmans, Tiondon, 1925. 
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mined by back titration. Tbe titanous chloride solution is made up hy 
boiling 50 cc. of the commercially available 20% solution with 100 cr* 
concentrated hydrochloric a(‘id for a minute, cooling and making up to 
2 liters in a storage bottle, which is connected to a burette and a hydrog^c^n 
generator in such a manner that air may be repla<*ed by hydrogen in tlio 
entire apparatus and the solution in the burette and the storage boltlo 
preserved in an atmosphere of hydrogen. I^xposure of the solution to 
sunlight must be avoided sinc‘e titanous chloride is liable to photochemical 
oxidation with formation of titanic chloride; but slow decomposition is 
unavoidable and titanous chloride must be standanlized immediatcl} 
before use. This is carried out by titrating against standard ferric alum 
solution with ammonium sulfocyanide (or Methylene Blue in presi'inc 
of salicylic acid) as indicator. Titanous sulfate has been stated to ha\o 
advantages over the chloride Nitro compounds can only be estimated 
by the indirect method, while some azo (e.g. yellow) dyes are preferably 
estimated in this manner; boiling for about ten minutes with excess ol the 
reagent in a current of carbon dioxide completes the rc^duction and tlu* 
excess is then dctermine<l by cooling and titrating with ferric alum \zu 
dyes not jirecipitatcd by hydrochloric ac*id can be estimatc’d directly, the 
dye acting as its own imlicator; many azo dyes precipitated by Indio- 
chloric acid can also be estimated directly in presence of Roidiellc salt 
Xitroso compounds and the quinones soluble in water, alcohol, ac(*tic 
acid and other wmter-miscible solvents can be titrated direidlv with 
titanous chloride. Acid and liasic dyes (e.g. Saf ranine, Methylene Hliio, 
Malachite Green, Magenta, Hhodamine, Gallein, Acid Magenta) which 
give colorless or pale yellow* leuco compounds (mn he titrated directly, 
addition of alcohol is sometimes useful for preventing turbidity tlurnig 
the titration (e.g. for Eosine A and Rhodamine). Indigo and othei 
indigoid dyes can be estimated by heating witli concentrated sulfunc acid 
to effect sulfonation, and titrating an aqueous solution of the sullonic 
acid in presence of sodium tartrate, l^y boiling Alizarin in alcoliohc 
solution with excess of titanous chloride in presence of Rochelle salt, an 
intense blue-green solution is obtained, the color being due appaiciitlv 
to the redu(*tion of Alizarin to l,2-dihydroxy-9-anthranoi which fornix a 
blue-green complex with titanous chloride; the color is destroyed when 
the titanous salt is used up by titration with ferric alum, so that the excels 
of titanous chloride (over the equivalent of four atoms of hydrogen 
required for reducing the Alizarin) is thus obtained. Alizarin S, Ant hi a-, 
purpurin and Flavopurpurin can be estimated .similarly, but I'di 

MCallan and Henderson, J. Snc. Chem. Ind. 41 , 158 (1922). Shaposhinkox and 
Oeizer, Andinokrasochnaya Prom, 8, 445 (1933), consider that the titiinons 
chloride mctliod for determining azo dyes is unreliable and inconvenient. 
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/^nitroalizarin (Alizarin Orange) the reduction stops at tlie stage of the 
tiininoalizarin.*^ 

Rawson in 1888 suggested a method of estimating the acid dye 
Naidithol Yellow S by titration with the Imsic dye Nile Blue, depending 
on the two forming an insoluble complex. The mutual precipitation of 
acid and basic dyes has since been investigated by other workers. Brown 
and Jordan,®® working with 0.2% dyestuff solutions and noting the end 
point by the appearance (spot on filter paper) of a ring of the color of the 
precipitating solution, evaluated Auramine (), Safraninc* and Magenta* 
against Indigo Carmine; Brilliant (Ireen* anrl Malachite Clreen* against 
Orange II or Eosinc; Methyl Violet against Xaphthol Yellow S; Methyl- 
ene Blue* against C'rystal Scarlet; and Victoria Blue against Tartrazine. 
For the starred dyes an addition r»f tannic acid and sodium acetate are 
necessary. Anionic and (*ationic detergents havi‘ been estimated by 
titration with dyes, the colored ions of wliich are of opposite sign, in 
the presence of a non-mis(*i})le solvent for the dye-detergent complex; 
conve'rsely, the procedure should be applicable for the estimation of basic, 
acid apd direct cotton dyes.®'^"* 

Basic dyes can be determijied by precipitating them from acid 
solution by means of phospho- or Mlico-tungstic acid and igniting the 
precipitate.®^ 

Dyes containing nitrogen, sulfur or a halogen can be estimated in 
terms of these elements, provid(‘d they are not present in the impurities 
associated with the dye; estimation of nitrogen has thus been used for 
determining the quantity of an azoic dye on the fiber. Methods for the 
estimation of indigo, azoic coupling components, solubilized vat dyes, 
and other dyes by special methods have been mentioned elsewhere. 

Colorimetry. The colorimetric estimation of il,e.;tuffs is generally 
sun])ler and more rapid than chemical analysis, and is widely employed. 
The absorption curve completely .specifies the c*olor in terms of wave 
Icugtli and intensity,®^ but for practical purposes colorimeters are 

*Sor. Dyers Colourists 39, 203 (1023): the earlier work is revieweil iii this paper; 
^ee also Uuggli and Fisehli, Helv. Chinu ArUi 7, aOT (1023). 

Harr et oL, J. Sor. Chem. ln<i. 67, 43 (194S). Aeeonling to Ref. 5a the titration of 
Jieid (iye.s with Fixnnol has been useti tet'hiiienlly for estimating the coiieentration 
of dyebaths used for dyeing anodized aluminum. 

Ktizlov, y. Applied Chern. 9, 558 (1036): Payne. J. Soc, I)y(rs Colourists 

50, 320 (1934). 

CMiapter VII. Standard absorption curves of pure samples of many eommer- 
' lally important dyes have been determineil by the T.S. Bureau of Standards: 
t»ibsoii ei al.f Sri, Papers Hur. Standards No. 140, 18, 121 (1922); Appel and 
brode, Jnd. Eng. Chem. 16, 797 (1924V. Appel. Brode and Welch, ilnd. 18, 627 
1026); Brode. ihid. 708. The cited papers describe methods for the speetro- 
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employed in which the color of the solution under test is compared 
the color of a standard solution of the same dye The two solutions an 
placed in two tubes supported side by side Light passes up the tuixs 
and illuminates the two halves of an eyepiece field White light nu\ 
be used, but for moie accuiate lesults, especially with weakly coIoumI 
solutions, light of a iiairow range of wa\c length (obtained by means o} 
suitable color hlteis), coriesponding to the main absoiption band of ilu 
dye, is employed The two hal\es aie equalized by uUeimg the depths 
of the solutions by means of the movable plunger with which each tube 
IS htted The concentiations ot the solutions aie then inveisely piopoi- 
tional to the depths, provided Ih'ci’s law (the molai extinction (oeffn lenl 
being independent of the con(cntiation) is obeved Instead ol umii^ 
two solutions (unknown and standaid), the light tiaiismittcd by tlu 
solution undei test may be matched in the eyepieie held hy an oplual 
system in which the components of a beam of light can be ^arled In 
the Leitz coloiimetei the solution under test is \iewed thiough hlteis and 
matched against a standard neutral giay solution Hy such methods tlic 
need for a standard solution of the dye is eliminated Instead of \isual 
matching, photoelectric devices can be emplo>ed 

Colorimetric methods for the estimation of dyes in dyebaths ha\e 
been discussed recently by Vickerstaff Foi water-soluble dyes it is 
necessary to ensure that the dye is in the same state of aggregation in the 
two solutions under comparison, pyridine, alcohol or a polyethylene oxide 
condensate may be added to keep the dye m molecular solution The 
solutions to be compared should also be brought to the same pH e g 
by the addition of acetic acid or ammonia Vat dyes may be estimated 
in one ot two v\ays (a) as the leuco solutions, stabilized by the addition 
of alcohol or a cellosolve or a polyglycol and with suitable prccaulion^n 
for avoiding oxidation, (b) by tiansfening tlie d>e fiom the aepKons 
dyebath into boding o-chloiophenol, witli the addition of hydiogeii 
peroxide if necessary foi oxidizing tJie dye the o-chloiojihenol solution is 

photometric estimation of d\es, deter tion of impurities, and for some d\(btuffs 
the quantitative estimation of the impuritus present See also DaMdsori ind 
Godlove, 4m Dyestuff tieptr 39, h28 (1950), Mellon, Analytical Abiorption 
Spectroscopy, A\ilc>, New York, 1950 
•• See Chapter VIII, and Segal, Compt rend 228, 204 (1949) 

For a descl^ption of colorimeters, see F D and C T* Snell, ColoiimctiK Methods 
of Analysis, Vol I, 3rd ed , ^an Nostrand, New Yoik, 1048 See also (ido"^ 

J Soc Dyers Colounsls 66, bl5 (1950) 

**For a comparison of these instruments in determiiting the strengths of d\<^to 
solutions, see Davies, Giles and Vickei staff, / Soc Dyers ColounnU 68, 80 
See also Vickerstaff, The Physical (^hemistry of Dyeing, Oliver an<l 
London, 1950 
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cooleil, made up to volume and es>timatPfl «‘olorimetrically. A third and 
lehs satisfactory method is to dissolve a siisponsion of the oxidized dye 
in concentrated sulfuric acid and use this solution for colorimetric esti- 
mation. Vickerstaff has also submitted the colorimetric estimation of 
(lyes in dyed yarn and fabric to crit ical examination, 'fhe measurement 
of spectral reflectance, even with the Hardy rccordiuK spectrophotometer, 
IS largely cmpincal; greater accuracy .-an be obtained by extracting the 
,lyc from the fiber with a suitable .solvent and then estimating the solu- 
non roloriractrically. 

Experimental dyeing. I'sing tho hhor or fibers for w hieh 1 he dyestufT 
IS intended and eoiiditioiis of dyeinj^ which represent large scale practice, 
the sliade and stiongth of a dyestulT are evaluated pru(*tically by experi- 
mental dyeings.” 'rhese are earned out in small beakers or preferably 
in conical shaped porcelain or stainh*hs steel dye-pots of about oOO cc. 
(•apa(‘ity. The dye-pots are iihieed in .sets in water-baths which have lids 
provided with the required perforations, and the baths are filled with a 
solution of calcium ehlori<le or sodium nitrate so that they may he raised 
to a temperature of about 123° to enable the dye licpior to be vigorously 
boiled s\heii accessary. One to ten grams of fiber, as hanks of yarn or 
pieces of fabric, and twenty times the amount of dyestuff solutions are 
usually employed. Since very small (luaiitities of dye.stuffs and reagents 
are used in experimental dyeing, they are made up into aqueous solutions 
of (‘onvenient strength and pipetted ('ut as required. A table Avringer 
of the type used in domestic laundrying is an invaluable aid in carrying 
out experimental dyeings for hydroextracting the material at various 
stages in the dyeing, developing and soaping processes. Bulk dyeing 
practice is followed as closely as possible, but there is a considerable gap 
betwTen the results obtained under experimental .^nd large scale dyeing 
<*onditions, and the interpretation of experimental vi.'iCing results for the 
purpose of applying them to hulk dyeing is only possible in the light of 
experience.*^*® Experimental padding and jiggci dyeing machines are 
useful for studying the application of dyestuffs to fabrics, but they also 
yield results Avhich are not strictly oompaiable with tluise produced in 
the full scale machines. 

Solubility tests are first carried out. undissolvod matter likely to lead 
to streaky dyeings being indi<*ated by spotting the solution on filter paper. 
'Hie substaiitivity of the dyi'stuff is obstrved qualitatively by dyeing a 
lull shade (c.g. 2%) under the normal conditions, and determining the 
in the exhaust bath coloriniotrir. My or by dyeing trom the exhaust 

lApprimeiital dyeing has been fncilitatod bv the (h'velopnient of tlie -\rarney 
luachinc in whicli textile materials of all types eiin be «lved or wet-treated under 
reprodiieihle conditions: .Marnev and ICI. BP 624,054. 
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bath after measuring its volume and using the proportionate amount of 
yarn or cloth; the shade from the exhaust is then compared with tlic 
original dyeing from a series of solutions of known dyestuff concentration 
Levelling tests. The ability of a dyestuff to give a uniform shade 
throughout a fibrous material depends on its properties of exhaustion 
and migration, apart from factors such as suitable pretreatment of tlu* 
fiber and the use of the correct conditions for dyeing. Exhaustion is 
the rate of absorption or the percentage of the dyestuff initially present 
in the dye liquor which is absorbed by the fiber in relation to the time 
under given conditions of dyeing, 'fhe migration of a dye from tlie 
heavier dyed to the lighter dyed parts of a fibrous material is a i^huim- 
teristic property nhich depends on the chemical c*onstitution of the dye 
Migrating power is an important factor in level dyeing, since there luc' 
practical processes (e.g. the dyeing ot cops and cheeses in package dyeing 
machines) in Avhich heavier dyeing of parts of the material in the cail> 
stages cannot be avoided. A dyestuff may yield level dyeings by xiitiic 
of two properties; it may be very soluble and dyi' the fiber readily, tlu» 
dyestuff from the portions dyed heavily in the initial stages then i (‘dis- 
solving in the liquor so that a uniform shade is ultimately obtained ; oi tlic 
dyestuff may go on the fiber at a slow and even rate so that the mat(Mial 
appears level dyed continuously and the full shade is gradually built up 
throughout the material in a uniform manner The follovsing aie among 
the simple practical tests which indicate the levelling power of a dye- 
stuff.^® (1) a hank of yarn or a length of narrow fabric is cut in two, and 
one half of the material is immensed m the dye ITf[uor. After five minutes 
dyeing under the conditions recommended lor the dye, the othei hall is 
also introduced and the dyeing continued for a further 15 minutes. The 
nearer the tw'o halves approach each other in shade the better the levelling 
power Alternatively, the material may be left in the dye-bath until the 
tw'O halves are ecpial in shade and the time necessary for such equaliza- 
tion noted In Boulton and Morton's ‘'one-mmute strike test" foi xat 
dyes on viscose (sec C'hapter XXX) a .second skein of yarn is introdiuTrl 
one minute after the first and dyeing is continued for 5, 20, 40, fiO and 
80 minutes; the difference's in shade between the first and second skeins 
are then graded and rccord(*d as ^'strike indexes." (2) Small pieces of 

*• For a gniplncul ropresentation of the dyemg proporties of acid wool dyea in tli<‘ form 
of exhaustion and migration curvcH, see His, Slock6r and Thoiiimcn, ./. So( U'lfirs 
Colourthts 64 , 207 (104S), see also IxHjnard et al , Textile Research J. 19 , 63H ( 

A (’oiiiinitlee of the Society of Dvers and CJoloiirfats has recently recoinrncndo< 
five tests for determining the optimum <on<iitionit urnler which an and dxc 
ho applml to \vooI so as to give an economic degree of exhaustion, as x'tll is a 
test for measuring the ability of a dye to migrate in the dyebath from oin P**-*’^ 
of tlie dved material to anotlier; J Sot. Dyers Coiourtsts 66 , 213 (1^150) 
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fabric are successively introrluced at short and regular intervals into the 
dye liquor until it is completely exhausted. 'Fho rapidity with which the 
dycstuflF is absorbed and the bath is exhausted is thus readily observed, 
'rhe compatibility of the dyes in a mixture is indicated by the absence of 
variation in the tone of the dyeings. (8) The rale of dyeing may be 
ini*a.sured quantitatively and plotted as a curve (time against % exhaus- 
tion) by any suitable t(‘chnique in which the concentration of the dye 
liquor or the quantity of d 3 ^e on the fiber at definite intervals during 
one hour (the usual time of dyeing) is determined The influence of salt 
(for direct cotton dyes) and other additions to the dyebath on the rate of 
exhaustion*" may be similarly determined. The most rapid dyeing dye- 
stuffs often have the best levelling properties, but the latter must be 
examined directly. (4) A piece of tliick tightly woven material is dyed 
under the usual conditions, and cut in two The i)enetration of the dye- 
stuff to the inner portions is then examined visually and microscopically. 

The ''dyeometer'’ is an instrument which pennits i**>ntinuous photo- 
metric measurement of the strengtli of the flyebath during the course of 
dyeing Rigid control of factors, such as temperature, liquor circula- 
tion, an<l motion of the material being dyed, can be maintained, and the 
apparatus can be used in the study of any reaction in which a color change 
within a liquid phas<' is involved, e g. reduction rates for vat dyes, rates 
of chromation, and the stability of dyebaths. 

'rhe evaluation of fastm^ss properties has been dc.scribed in C'liapter 
Vi 

Evaluation of pigments. 'Fhc evaluation of a pigment®* includes 
the determination of (a) tinctorial value b,v mixing with a white pigment 
(Usually zin(* oxide) and an oil vehicle, and comparing the tint with a 
standard; (b) covering or hiding power, which i^ he ability to hide a 
surface on which a paint ma<le from the pigment is applied; (c) oil 
absorption, w'hieh is indicated by the (quantity of oil required for con- 
verting the dry pigment into a stiff paste; (d) teiiden(T to bleed w'hen a 
paste of the pigment in linseed oil is placed on filter paper , other bleeding 
tests (using for example w'ater or lacquer as v(4iicle) may also be carried 
out ; and (e) fastness or durability of the paints, varnishes and lacquers 

* A of the Society of Dyei'i luul (\»lourist*» has survevoil tlic properties of 

fhrect eotton dyes and gi\eii details of tests for oxamininp the imgration or 
levelling jwwer and the degree of salt controllability. J . Ihfcm ( olounsts 62 , 
280 ( 1946 ); 64 , 145 ( 1048 ). 

•'Hover et ai., Textile Research J. 16 , 0H> (ltU(>); 17 . 447 (1947). 

•• Heaton, Outlines of Paint Technology. 3rd od., CJnffin, Ix>ndon, 1947. 

” Oardnor, Physical and Chemical Kxaminntion of Paints, Varnishes, Laccpiers and 
t^’olors, 9th ed., Institute of Pniiit and Varnish Kesearch, Washington, D.C., 1930. 
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made from the pigment The physical properties of softness, finenesb and 
texture (particle size and dibpersibility by grinding in a vehicle) an 
carefully examined, since these largely determine the practical utiht\ 
of a pigment. Moisture and water-soluble matter are estimated, shki 
they represent nontinctorial material and affect the properties of tla 
pigment. 
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3-Aminobenzenesulfonanilide, 199, 233 
niinobenzonesulfon-AT-methylan i- 
bde, 838 
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m-Aminobenzoic acid, 217, 580, 642. 840, 
1191 

P-Aniinobcnzoic acid, 139, 126, 217, 498, 
923 

Arninobenzonitnles, 226, 840 
2-Aminobenzothiazole, 625, 1028 

2-Arrunobenzoxazole, 645 
A-p-Aininobenzoyl-p-aminobenzoueazo- 
sali(‘ylic acid, 61 1 

1 -Ainino-3-bcnzo> lanlhraquinone, 890 
Aminobenzoyl-J-acid, 493, 591, 593-4, 
599, 605, 1288 

Aniinobcnzoyl-p-phenylcnediamine, 598. 
698 

p-Aininobenzyldicthylamine. 521 
Aininoben/ylhiiltonic acid, 476 
Atnirio-l,l-bisbcn2amidoanthraquinonc, 
893, 910 

0- Ainino-l ,3 his-trifliiorotneth3dbenzene, 

000 

Aminobronioanthraquinonea, 69, 914. 

932. 912, 945, 992-3 

1- Aniino-4-bromoanthraqiimonc-2,6-and 

2,7-disulfonic acid, 845 
l-Anuno-4-bromoanthraquinonc-2-sul- 
fonic acid, 839, 7, 69, 811, 843, 857, 
924, 1285 

9-.Vmino-3-bromobenzanthrone, 967, 979 
Aminobromochloroanthraquinones, 926, 
940 

l-Amino-2-bromo-4-hydroxyanthraqui- 
none, 939 

5-Aniino-2-b'’» oxy pyridine, 494 

1- Amino-4-bui n l.aniinoanthraquinone-2- 

carboxylic acid, 816 
1 -Amino- t-butylamino-3-cyanoanthra- 
quinonc-2-carboxylic acid, 816 
Aniiiiocarbazoles, 133, 788, 1105 

2- Anuno-3'-carboxy-4-hydroxydi- 

phenylsulfone-4-siilfonic acid, 201 

1- Aniinocatechol ethylene ether, 645 
Arainochluroanthroquinoncs, 69. 92-3, 

163, 699, 824, 902, 914-6, 938, 941, 
988 9, 1048, 11 IG 

5-Aniino-2-chlorobenzoic acid, 140, 525 

2- Amino-5-chlorobeLzotriftiioride, 660 
2-Amino-4-chlorodiphen3d oxide, 124, 

176, 660 

2-Araino-4-chlorodiphcnyl oxide 4 -sul- 
fonic acid, 176, 400 
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5*Ainino-2*chlorohydroquiiionp dimethyl 
ether, 120 

1 - Annno-4-chloro-2-inet h\ lanihraqui- 
none, 

1 - Amino-G-chloro-2-iiapht hoi- 1-sulfonic 
acid, bit) 

Atninochloronilroplionols, 178, 520-80, 
616 

2- Amino- 1-( hloro-5-nitrophcnol-()-Hul- 
fonic acid, 5d 1 

2-Amino-4-chlorophonol, 178, 528 

2-Amino-6-chlorophenol-4-sulfoni( ac id 
178 544, 518, b02 611 

2-Amino-4-(‘hlorophenol sulfoiiii ac ids 
170 520, bl7 

6- \mino- l-chlororesoicmol diincth\ 1 
ether, 122 

5-Ainino-2-chloro-4-sulfobcnzoic ai id, 

175, 48b 

2- Vinmoehrysene, 1()1 

4- Vminocinnainamide 818 

3- Araino-p-oresol 532 3 

3- Amino-p-cresol-5-8ultonic acid bib 

1- Anuiio-4-c> ano-2-naphtho1, 401 

4- Amino-A -c> clohexylacctanilidc* 484, 

480 

4- Aminot > c lohexy Ihcii/cnc 180 

2- Amino-J,l -dianthracpiiiionyl, <)0t 
2-Amiiio-i,2'-dianthra(piinon>lainin< 

932 

Aminodiheiizanthroiie, 0(i7, 060 
Aminodibromoanthraquiiioiie 8.1H 5, bO 
104, ai7, 810, Oil, 1018 

1- Ammo-2 (>-dibromophenni 1 35 
Aiiiinodu hloroanthraquiiioncs, 163, 025, 

041 

2- Ammo-4, 1'-dichlorodiphcnyl oxide 

124, 6t)0, 062 

2- Ammo-3,4-dichloro-5-nitrophonol-6- 

sulfonK add, 534 

4-Amino-2,(>-dic hlorophenol, 1071, 1073 
p-Aminodicthylaniline, 100, 402, 767, 
1202 

1- Amino-2,b-diiodophcnol, 120() 

3- Amino-2,5-dimethoxyacctophcnono, 

699 

2- Amino-3, 6-d i m ethoxy d i benzof u ran , 

698 

AminodimcthylamlincB, 99, 70, 100, 135 
l-Amino-2,4-dinitroanthraquinone, 94 


2-Aiiiino-4,6-dmitrophcnol, 540, 544 

1- Aniinodiphenyl, 133, 837, 847, 1100 
Aminodiphcnylamines, 102, 126, 231 

234 6 407, 660, 759, 768-9, 772 77; 
\minodiphenylamincsulfonic acid imd 
derivatives, 406 7, 453, 501, 52(» 7S0 

o-Aminodiphen\l ether, 121 

2- \mino- 1 ,3-diplienylpropane, 8.37 
Ainino-2,4-diphoiiylpyrrole, 1109 12(K) 

4- Aniiii(>(lipheii> l-4'-sulfocyclohe\ vl- 

amide 811 

0- Ainmodiphenylsulloiio, bbO 

1- Aniiriodiphcn\l-l-sulfonic acid 502 

2- Anuno-6-ctho\\bcn/othia7ole (>50 

I - Am ino-2-ethox\ naphthalene 180 502 

1- \inino-2-cth(>\\nHphthalcne-b-siilioii]< 

acid 180, 502 

2- Ainino-5-ctho\y thiophenol, 1 028 

3- Amino-l-ethox\ toluene, 121 

1- \nimo- \-ethvLuetHnihdc-2-snlf(nii( 

acid, l^K) 

2- \mino- N -eth> Lu et-p-toluiduh 101 
p- \inino- \ -( th\ Ibi nranihdc 180 
b-4inino-A-eth>lb( tiz-/n-toluuli(h 101 

3- \nuno-\-cth>harba/ole 7% 7 0 
1- VniinoHaN opurpui in S21 

1- Anunofhior intlieno 1 (> 1 

2- Ainin()nuoreiu‘ 780 
VniinoRumiidine 21 1 

2- \mmoh> droquinone dietli> 1 ctln i 120 
2- \intnoh> droqninoiK dinutlivl fthd 
120 

2- \minoh\ droquinone l-otlul 1 nutiul 
ether, b07 

l-Amino- l-(/?-h>diox>anihno)antlua(iin 

none, 807 

1- Vmino- l-hydro\\ aiilhracpunom 78 

.100, 801 5, 807 810 

2- Amino-l-hydroxyantliraqiiinone 0 1 1 
2-Amino-3-h>droxyanthraqujnoiu ‘di ^ 

4- Amino-‘4'-hydroxya/oben/ene-l I di 

carboxylic acid, 5 18 
l-Ainino-4'-hydroxy- 1 , 1 '-dianthriinidi 
851 

p-Amino-^hydroxydiothylaniliric, 2^0 ^ 

4-Amino*4 -hydroxydiphcnylaiiune lOOi 
i-Amino«»l-/9-hydroxyethoxyanthriqni 

none, 85b 

l-Amino4-hydroxy-2-mcrcai>toanl hi i- 

quinone, 806 
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1 -Amino-2-hydroxy-4-niethoxyant hra- 
quinone, 805 

I-Amino-4-hydroxy-2-inethoxyanthra- 
quinone, 805 

:,-Ainino-8-hyclroxy-l,4-iiaphthoquinone- 
diimine and derivatives, 798 

l-Airuno-2-hydroxy-r-nitro-8,8'-dinaph- 
thyl sulfone, 1221 

1- Aniiiio-4-hydroxy-2-phriioxysinthra- 

quinonc, 813 

:?-Ainiiio-2-hydroxy-5-HijJfol)onzoic arid, 
851 

2- Auiino-l-nierraploniitliraquinoiio, 9N, 

916 

2-Aniino-3-inerca|)toarithi JUiumone. 913 
S-Amino-2-mrrcaptorarhnzolo, 1 105 

2-Ainino-3-nH*r(*ai)todiplieiiyl, 1 072 
Aminomositylrnc*, 837 

1- Vinino-4-methoxyanthraq\nnone. 91 , 

105, 896 

4- Anuno-3-inet hoxyuzobenzcnc, 602 

2- -Aniino^ O-inethoxybeiizotbiazolo, 642 

2- Amino-3-methoxydiboiizofiiran, 653, 

845 

l-Aniino-3-inethoxydiplu*nylaiuine, 661 

1- Aniino-d'-inothoxydiphenylainine, 224, 

661 

3- Ainiiio-t-inethox> diphoiiylhulfoin*. 201 

2- Aniino-6-methoxynaphthaleiu‘, 5-13 

2- Amino-5-inclhoxythiophonol, 1027 H 
Aininomethoxytoluein*.s, 122 3 

3- Ainino-4-nietho\y1olueno-6-sulfonir 

acid, 486 

l-Amino-4-inolhylaniirumnthra(iumon<*. 
105, 805 

6- \inino-3-mclbylanlhrapy ndoiH', 999 
Aniino-2-inothylAnthraquinonrs, 91. 163. 
805, 898, 988, 1114 

5- Amino-2-nu‘thylbonziniidazoU\ 1009 
<»~Aniirio-2-n\et hylbonzotbiazole, 1174 

3-Ainirio- l-inothyldiphonyImetlmne-2'- 

<*arboxylic arid, 841 

3-A]nino*^-(2')-napbtlialonrnzo-2-naph- 
tbol, 098 

3- or 4-Aminonaphthalir arid and anhy- 
dride, 1 189 

2*Arnino-3-naphthoir arid, 1 49, 493, 
533-4 

Ainiiionaphthol diHiilfonir arida, P.H) I. 
194, 190, 535, 1258, 1280 


Aininonaphthol inonosulfonir aedda, 16, 
170, 183-5, 187-8, 190, 193, 478, 509, 
785, 1280, 1321 

Aniinonaphthols, 80 1, 182-3, 188, 425, 
604. 642, 650, 1071, 1080 
l-AnHmj-2-naphthol-4-sulfonir arid, 189, 
16, 168, 185, 212, 230-7, 403, 421, 
427-8, 452-3, 562 
Aininonaphthotriazolrs, 108 
4-Amino-3-nitroarotanilidp, 88 

1- Aniiuo-4-nitroanthraquinono-2-car- 

boxylic acid, 915 

Aminonitroanthraquinones, 78, 93 
3-Amino-2-nilroben7anthrone, 970 

3- Am i rio-5-n it ro-p-rresol , 638 

4- Amino-4'-nitrodiphpnylaminp, 543 

4-A!nirio-4'-nitrodiphenylamine-2'-8ul- 

foriir arid. 176, 482, 503 

2- Ainino-l'-l' , J roxy- 4-nit rodiphrnyl- 

ainino, 1070 

2- \mino-4-nitro-l-naphthol, 531 

1- Amiuo-6-nitro-2-iiaphthol- 4-stilfonir 

arid. 421, 619 

4-Aniino-2-nitro- 1 -napht hol-7-snJfonir 
and, 1221 

Aiiiiuonitrophenols. 177, 427, 528, 530, 
539 41, 576. 641. 785, 1081 
\minonitrophrnol '^ulfonir acids, 178, 
453, 528. 536. 785 

2- Anuno-5-nitrophonoxyaretir arid, 603 

3- Ainirio-5-nitros.alirylir acid, 527 

4- Ainino-4'-nitrostilbcnp, 320, 380 

t- \mino-4'-niTiMilbrnc-2,2'-di«\dfonir 
and. 131. , 634 

2-Aniiiio-3-nilro-5-s\dfobcnzoir arid, 493 
aj-Anunophr^nl, 179, 80, 181. 216, 420, 
42S, 516, 595. 597. 599 
o-.Vininoplirnol. 176-7, 216, 120, 523, 
542 3, 545, 549. 587, 005, 010. 782, 
785, 1070. 1195, 1345 
/>-Aminophrnol. ISO. 103, 210 7, 231, 274, 
015, 032. 777. 807, 1059-00, 1073, 
1077 80. 1087, 1195, 1345 
2-Aminophonol-4-sulfonainido, 178, 541, 
004, 017 

--AininophrnoM-sulf<Hur arid, 177, 453, 
528. 530, 559, 501, 503, 010 
Aminophcnol sulfoni<* acids, 170, 179, 
421, 510, 543, Oil, 617 
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^Aininophenylaniino-],3-beiizodiazole. 

700 

p- Aminopheny iani inobenzodioxaiie, 700 
l*p-AniinophenylaTnino-4-inethylaraiuo- 
anthraquinone, 805 

5-Aiiiino*2-phenyM-a ziin idobonzone, 698 
Aminophenylhcnzothiazolcs. 698. 789 
Aminophenylbcnzoxazolps, 698 
p-Aininophen>l benzyl other, 798 
p-Aminophcnyl /S-othoxycth>l ether, 711 
m-Aininophcnylglyoine, 591) 
p-Aniinophcnyl ^-hydroxyethyl ether, 

711 

2-(3 -Aminophenyl)-6-hydrox3 nnpli> 
thiTnidazolc-8-snlfonic acid, 195 
2-(Aminophon>l)-6-hydroxyiinpbthothi- 
azole-8-8ulfonic acid, 195 
2-(p-Aininophenyl)-5- and 7-ineth3lben- 
zothiazolo, 625 

2-(p-Aminophenyl)-6-ineth> lint roben- 
zothiazole, 1066 

l-(Aminophcnyl)-3-methyl-5-pyra/olon<‘. 
508, 618 

1- (3'-Aminophcnyl)-5-pyrazolone-3-cai- 

boxylic acid, 547 

0- Aminophcnylthiogly colic lu ida, 191, 

857, 1028, 1100 

fn-Aminophenyltriinethylainmoniuni 
chloride, 521 
Aminophthalimidc, 1137 
Aminophthalonitrilc, 1137 
Aminopyrazolone, 621 
Aminopyrenc, 163, 788, 860, 917 
Aminopyridinc, 219, 678 
Aminopyrimidanthrone, 854, 996, 998 

2- Amiiioqu inizarin, 9 1 3 
Aminoquinoline, 219 
Amino-R-acid, 193 

4- Aininoresorcinol dimethyl ether, 122 
Aminosalicylic acids, 181, 103, 217, 415, 

439, 503, 525-7, 549, 575-6, 578, 602, 
604, 606, 634-5, 772, 1136, 1188 
2-Amino>l-sclenoloanthraquinonc, 914 
2-Ammo- l-m-sulfobenzoylphcnol, 534 
Aminosulfolalicylic acids, 181, 526-7, 541 

1- Amino-4-tetrahydrofurfnrylainino- 

anthraquinone, 813 

5- Amino- 1 , 9-thiazolanthrone-3-su] fonic 

acid, 855 

o-Aminothiophcnol, 791, 1028, 1084, 1156 


Aminotolyl alkyl others, 120, 122-3 
5-Amino-o-tolyi 3-sulfophenyl suJione 
5a3 

3- Araino-l ,2,4-triazolc-5-carboxylip a cid 

603 

2-Amino-trichlorophenols, 179, 532 

4- Amino-2, 6,4'-triethoxydiphenyl, 23t) 
p-Aminotriphenylcarbinol, 708 
n-Amylbenzone, 55 

Analysis of dyes, 1301-52 
Anehusin, 801 

Aniline, 81-3, 1-4, 6, 16, 25, 29, 37, U4 
98-104, 147, 165, 172, 214, 217 23:)] 
409-10, 413, 416, 418-20, 431. 435 8 
442, 151, 153, 456, 458, It, 9 2 

465 6, 469, 474, 180, 483, 186 8 
690, 599, 631-2, 634, 636, 639 12 
653, 607. 707. 709, 717, 723 1 753 
759, 762, 767-8, 770 1, 773 
784-5, 836, 838, 810, 851, S.'it, 891, 
918, 921, 1008, 1014-6. 1023, 1071, 
1089, 1117, 1197, 1272, 1288, 1302 
1322, 1328 

Aniline disulfonic acid, 172, 179, 12S, 500 
572-3, 577, Cl 1 
Anilinesulfoneplithalein, 357 
/9-Anihnoa(Toloin anil, 1161 
l-Ainlinoantbiaquinonc-2-carb()\\lic 
aeid4ll9 

l-Anilinoben/anthrone, 961 
l-Anilino-J-bromoanthraquinone, 812 
l-Anilino-l-j9-chlorocthylaniinoanthi \- 
quinono, 815 

4-Anilino-4'-hydroxydiphcnylainmc 1077 
l-Anilino-2-ine1 hylanthraquinoue, 921 
Anisic acid, 145, 887 
\nihidiues, 121, 171, 217, 413, 453. 458 
18,3, 488 9, 493, 198, 501, 524, 511 t 
580, 653, 660, 758, 776, 1027, 10‘JO 
1190 

o-Anisidine-4-bulfodialkylainidc‘<, 199 
660 

Anisidine snlfonic acids, 174, 543, 51o, 
633 

Aiiisolc, '120, 429 
p-Anisyby-acid, 485 
p-AnisyW-acid, 603 

Anthant3irono-3,8-dicarboxylic acid, 9 )S 
Anthaiithrones, 8, 138, 864,966-8, 

1240, 121(4-7 
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Anthocyanins, 742-8, 1381 
Anthracene, 24r'7, 31~2, 39-41, 43, 48 50, 
59, 134, 157, 323, 330, 432, 1100. 
1286, 1312-3, 1315 

Anthracene, absorption spcctnim of, 
369-70 

Anthracene-l.O-dicarboxjlic acid, 1190 
Anthracene tctracarboxylic acids, 1 193 
Anthrachrysone, 8:15, 849 
Anthradianthronos, 864 , 984 
1. 1,9,10-Anlhradiquinonc, 829 
Anthragallol, 825. 830-1 
Antlirahydroquinone, 158, 960 
Antliraisothiazole, 198 
Anthraifiothinzole-3-carboxylic arid, 900 
Anthranilic acid, 140, 6, 217, 427, 153, 
181, 486, 492-3, 510-2, 548, 578, 
587, 605, 016. 020, 031, 918, 923, 
1008, 1014, 1031-2 
Anthranol, 158 
Anihrapurpurin, 818 20, 825 
Vnlhrap^T^idazoiioa, 855 
Anthrapyridones. 852, 8(i5, 099 
\nthrapyriinidoiies, 852, 805, 999 
Anthraquinune, 150-7. 103, 39, 40, 50, 
59-01. 09, 77, 160. 821, 826, 831, 852, 
804, 902. 907, 930, 958, 983, 1234, 
1295, 1315 

Aiithraquinoneacridonos, 804, 017-31, 

1055, 1240 

Anthraquinonealdchydcsj, 898, 900 
Anthraquinoneazincs, 804, 931-43 
Ant]iraquiuoiiecarbazolo.s, 0, 801, 869, 
809-910 

Anthraquinoiic-2-carbinol, 898 
Aiithiaquinotie carboxylic acids, 152. 
898-9, 905, 950, 900, 1110-1, 1113, 
1142 

Anthraquiiione-2,0-dicarbo\>lii' acid, 81K) 
Anthraquinone disulfonic acids, 52, 00 3, 
91, 824-5, ‘K)2, 907 
Authraquinonc-imidazole, 852, 804, 

910-1 

Anlhraquinono-isoxazolc, 897 
Aiitliraquinonc-oxnzoles, 801, 911-4 
Anlhiaquinonesulfonic acids, 59 01, 63, 
78, 93, 104, 818-9, 829, 902 
Autliraquinonesulfonyl chlorides, 198 
Anthraquinonethiazoles, 864, 914 7, 945 
Anthraquinone thioethera, 63 
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Anthraquinonethioxanthories, 864, 908. 
931 

Anthraquinone vat dyes,' 86 1-1 002 
Anthraquinonyl 3-benzanthronyl selen- 
ide, 976 

1- Aiithraquinonylhydrazine, 993 
Anthraquinonyl isatin, 919 
Aiithrarufm, 824-5, 848 
Ant!irarufin-2,6-disulfonic acid, 827 
Anthrarufin-2-inonosulfonic acid, 848 
AnthrasoLs, 1019, 1051-3 
Anthrasol Salt NO, 1057 
Anthratriquinone, 827 
Anthrazine, 031 

Anthrimidcs, 864, 860, 893-6, 998 

2- Ant hrol-3-carboxylic acid, 657 
Anthrols, 117, 158, 057 

Antlirone, 158 852 -4, 864, 958, 960-1, 
987 

Anti-diazotates, 8, 227, 412, 689 
Anti-halation dyes, 1173, 1204 
Antimalariala, 585, 757, 793, 1185 
Antioxidants, 1214 
Antipyrinc, 612 

Anti‘<epties, 38, 112, 719, 755-7, 793 
Antu, 89 
Apigenin, 435 
Apocyaninea, 1146-7 
Aposafranines, 765-6 
Ajwsafranone, 766 
Application of dyes, 218-303 
Arcolatin, 830-1 
Aridyes, 203 

Arylamiuoantht . |i:inones, 104, 808, 
810-2 

Arylaminobenzoquinoiies, 789- 90 
4-Arylamino-l,5-dihydroxyanthraqui- 
nones, 807 

1 -Aryl-2-arylsulfon V Ihydrazines, 1 204 
Aryldiazonium arylsulfonates, 225 
Aryldiazosulfonates, 231. 692 
Aryldiguanides, 1069 
Aryl ethers and their derivatives, 120-4 
\r\ lidos of ^>-hyd^o^y carboxylic acids, 
651 

«- Aryl indole. 733 
Ascorbic .‘loid, 430, 763 
Asvicrgillic acid, 779 
Ahtralon. 238 
Astra rones, 1173-4 
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Atebrin (Atabrinc), 139, 767, 1327 
Atoxnal, 176 
Atromentin, 799 
Autazol Chrome Salt R, 530 
Autazol dyes, 505 
Autoxidation, 1241 
Auxaninc B, 278, 1225 
Auxiliary agents used in dyeing, 293-1 
Auxochromes, 323, 327, 341-8, 457, 461, 
768-9, 1273 

1 l-Azabcnzauthrone-3, 4-dicarboxy lie 
acid, 947, 1000 

Azabenzanth rones, 854, 917, 1000 I 
Azaoyaninen, 1183 
2-Azafluorant1ieno, 32 
Azamethines, 1183, 1202 
Azaporphines, 1123 
Azinedyes, 761. 764, 133 4-5, 1339 
Azines, naturally occurring, 779-80 
Azobenzene, 126, 325, 441, 443, 1223, 
1241, 1286, 1319 

Azobcnzene-4-carboxylic acid, 126 
Azoben2ene-4,4'-dicarboxylic acid, 898 

4-Azodiphenyl-4',4"-dicar])oxyli c acid, 
885 

Azo dyes, 4, 241-2, 409-704, 1332 3, 13 43 
chromatography of, 1321-3, 1328 
r?s-/ran« configuration, 441, 1319 
color of, 452 63 
constitution of, 411 52 
estimation of, 451, 1346 
identification of, llj35, 1339 11 
light fastness of, 1221 3 
substniitivity of, 1277-92 
Azo group coordination, 551 
Azoic dyeing, 668-73 
Azoic dyes, 7, 242, 271, 277, 281, 650-704, 
1221, 1334, 1338-9, 1341, 1343, 1345 
1 , 1 '-Azonaphthalonp-4,4'-diflulfonic acid, 
342 

Azophcninc, 773 

Azophcnol quinonehydrazoiic tautonier- 
isni, 442, 444 

Azophenols, 345, 415, 4 47, 1321, 1339 
Azophor Blue D, 224 
Azophor Red, 224 
Azopol A, 278 

Azosalicylic acids, 8, 524, 557, 565-6 
Azoxyanisole, 362 


Azoxy benzene, 125 
Aziilene, 28, 392 

B 

Bakelite, 111 

Barbituric acid, 431, 780, 1177 
Basic azo dyes, 520, 522 
Basic dyes, 3, 270, 278, 281, 284, 286, 519, 
705-95, 1223-6, 1321, 1323, 1326-7, 
1332-3, 1336, 1341, 1343. 1346-67 
Bathochroinic effect, 312 
Hat tick dyeing, 879 
Bcer^s law, 331, 1348 
Henzalaniline, 350, 350 
Benzal chloride, 67, 133 
Benzaldehyde, 133, 67, 709, 711, 714, 731, 
744, 7 46, 759, 1116, 1122 
Benzaldehydc-2,4-disulfonic acid, 54, 134, 
715, 746 

Benzaldehyde phenylhydrazone, coup- 
ling of, 431 

Benzaldehyde sulfonic acids, 13 4, 711, 
715, 731 

Ben/aniidoanthra(iuinoncs, substant ivity 
of, 681, 1234, 1245, 1248, 1290, 131*8 
6-Beiizamido- 1-chloro-m-anisitline, 660 
Ben za in idoch loroant hraqii inon es, 89 4, 
903, 905-6, 908-9, 930-1 

5-Benzamido-J‘-chloro-8-inothoxyanthra- 
quinone, 905 

2-BenzaTnido-3-cyanoanthraquinoiie, 893 

4- Benzamido-2,5-dialkoxyaniline, 453, 

661 

5- Benzamido- 1 , 1 '-dianthrimide-2'-car- 

boxylic acid, 924 

l-Benzamido-4-/3-naphtliylaniinoanthra- 
quinonc, 853 

Benzamidopyrimidanthrenea, 996 

6- Benzainido-w-4-xylidinc, 660 
Benzanilide, 679-80 

1.2- Bcnzanthraccnc, 32, 42, 1295 

1.2- Benzantbraquiiione, 896, 1295 
Benzanthreae, 960 

Benzanthroae, 958-60, 16, 61, 137-8, 158, 
953, 956, 962, 971, 974, 981 
Benzanthroiie-3,4-dicarboxy]ic anhy- 
dride, 1000 

Henzanthroaequinoline, 958, 978-9 
Benzanthroile-9*sulfonic acid, 960 
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Benzanthronethiazolcs and nelenazoles, 

m 

Benzanthrone-3-thioglyrolic acid, 1115 

4- Benzanthronylacrylie acid, 976 
BenzanthronyJaminounthraqiiinones, 

860, 980 

3-Benzantli rony 1- 1 -ant hraq uinon y 1 .sul- 
fide, 1001 

3-Bcnzant)ironyl sodium selenide, 976 
Benzene, 1, 4, 18, 24-8, 32, 31-5, 38. 40, 
13 5, 47 8, 60, 153, ICO, 323, 337, 
390 

lO-Bcnzeneazo-O-authrol, 444 
Beuzeneazo-n-cresotinic acid, 566 
Bcnzeneazo-H-acid, 438 
Benzencazonaphthols, 324, 421, 442 6 
Benzeneazoiiaphthylaniines. 90, 421-2, 
483, 770-1 

l-Benzeneazo-2-naphthyl ethyl ether, 190 
Benzeneazo resorcinols, 415, 440, 1321 2 

5- Benzencazo-/3-rcsorcylic acid, 4 10 
5-BenzcncazosalicyIic acid, 181 
Benzc niMliazonium chloride, 21 1 
Benzene disulfonic acid, 53 
Benzene hexachloride. 65 
Benzenesulfonic acid, 53, 110. 061, 691 
Benzenesulfonyl chloride, 96, 1S2, 503, 

518-9, 786 

iV-Beii zcn esu 1 fon yl-f I -acid, 489 
iVT-Benzenesiilfonyl-o-toluidine, 107 
Benzene tri- and tetiacai boxy lie a<*ids, 
145 

Benzerythrene, 32 

Benzidine, 126 8, 5, 95, 132, 215, 225, 
233, 413 4, 419-20, 436, 438, 455, 
165 6, 475 G, 498, 500, 506-13, 518, 
521, 516, 518, 570-3, 576-9, 592 1, 
596, 599, 601 6, 611-2, 618, 631-2. 
660, G9S, 790, 817, 929, 1008 90, 
1093, 1099, 1116-7, 1265, 1279, 1317, 
1321-2, 1328 

Benzi<liiic-3,3'-dicarboxylic acid, 129, 
602, 606, 619 

Benzidino-3,3'-diglycolic acid, 129, 558 
Benzidine, m-disubstituted, 130,517, 1284 
Benzidine disulfonic acid.s, 130, 470, 510, 
517, 519, 525, 678, 611 5, 620 
Benzidine-sidfone, 130 
Benzidine-sulfone-6,r)'-disulfonic acid, 

130 


Bcnzidine-3-sulfonic acid, 130, 514, 577 
Benzidine transformation, 126, 129 
Benzocarbazolcs, 32, 152, 652, 678, 697, 
1315 

Benzodianthione, 983 
Benzo (Fast) Chrome dyes, 606 
Benzofiuorenes, 32 

Benzoic acid, 137-8, 30, 32-3, 30, 67, 133, 
723-4, 730, 741, 825, 1121 
Benzoic acid m-sulfonyl chloride, 1054 
Benzomorpholinc, 643, 645 

1.2- Benzoiiaphthacciie, 32 
Benzonitnle, 20, 29, 33, 36 

1 , 1 2-Benzoi)erylenedicarl)ox3dic anhy- 
drid(\ 950 

Beiizophenone, 137, 1122 

1.2- Bcnzopyrene, 32, 42, 432, 1295, 1313, 

1315 

p-Beii:^quitione, 153, 163, 7iK), 790, 1286 
Benzoselcnazolc, 1151, 1167 
Berizothiazathionium chloride, 1031, 1100 
Beiizothiazine, 791 
Benzothiazolo-2-carboxylic acid, 890 
Bcnzothiazole ethiodide, 1 156 
Benzol hiazoles, 022-7, 613, 1154 67 
Benzothioindoxyl, 1031, 1010, 1125 
1,2,3-Benzotriazole, 219, 645 
Benzol richloride, 67, 133, 138, 152, 796, 
1115-6, nil, 1200 

1.9- Benzo\anthene, 32 
Benzoxazole, 1154, 1166 
Henzoxazolone. 177 
2-Benzoylanthraqiunone, 019 
Bcnzoylbeiizauthronei'. 953. 955 

0- Ben zoylben ZOIC acids. 16. 158, 160-1 

163, 138. 8:J2. 867, 911, 985 

1 - Benzoyl- l-benzj lna}»hlhalenc, 137 
Benzoyl chloride, (*>7, 131, 137, 152, 888, 

953-1, 1116, 1196 

9.10- Bcuzoyleneper3dene-3, 1-dicarboxylic 
anhydride, 1194 

-V-Bcnzoyl ethylaniline, 101 
,V-Benzoyl-H-acid, 191, 469, 471, 489, 
502 

1 -Benzo34-6-h3*droxy naphthalene. 970 
.V-Benzo3’l-J-acid, 194, 500-1, 573, 603, 
1209, 1288 

A"-Bcnzoyl-K-aeid, 191, 489 
Bcnzo3dnaphlhalene8, 137, 958 
l-Henzo3'l-l-naphthol, 652 
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o-Bensoy loxyacetophenon o, 7 4 1 
A^-Bcnzoyl-S-acid, 505 
Benzyl alcohol, 134 
Benzylamiiiti, 420 

Benzyl 3-amino-4-melhoxyplionyl siil- 
fone, 000 

A'-Henzylaniline, 100 
Benzylanilino disulfonie acid, 725 
O-Benzylbcnzanthronc, 001 
Benzyl benzoate, 139 
2-Benzylbenzoic acid, 158 
Benzyl chloride, 10, 06-7, 100. 707 
2-Benzy Icy olohexylam iiie, 859 
Bonzyleth> lamline, 100, 711 5, 795 
Beiiz>leth>lnniline sulfonic acid, 1, 71 1 
A'-Benzyl-A' ethyl-7/i-toluuline sulfonic 
at*id, 173 

Benzylidene-o-aniinophonol, copper de- 
rivative of, 550) 

Benzylidene aniline 105 
Beiiz>lidenebromopyru\ ic acid, 1219 
BenzyJmethylanilinc, 100 
Benzyliiaphthalenes, 137. 900 
A^-Benzyl-a-naphth.v lamine, 782 
A’-Benzyl Naj htol AS, 104 
A’-Benzyloithanilic acid. 039, 725 
A'-Benzylhulfnnibc acid 173, 807. 878. 
1039 

AS-Benzyltbiiironiuin salts cif sulfonic 
acidfi, 02 

Benzyl-o-toluidinc, 711, 728 
2-A%Ben7.> l-//i-toluylcnediainjne, 758 
Berrithsen tliiazine synthesis. 792, 791 
Bia-p-aniinobenzoyl-w-i)honyIencdi- 
atuinc, 508 

Bja-4-ainino-3-carboxyphen> luiea, 019 
1 ,l-Bis-p-aininophenylcycIolK‘\aiie, 132 
1 ,2-Bis(o ntbraquinon yloarbonyl )hydra- 
zinc, 914 

1 . 4- Bisbenzamirloa n t hraquiiu «i)c-0-ca r- 

boxylie acid, 910 

Bisbenzaniidoanthruqui nones, 885 0, 
1290 

4.4 - Bisbenzamido-l , 1 -diaiithrmiidt*. 890 
4,4'-Bis(l)cnzentazo)azobenzeiie, 4 12 

2.4- Bi8bcnzeneazo-l-napbthol, MO 
Bisbenzeneazoresorcinol, 416, 1322 
4,6-Bisbcnzeneazoresoh*inol-2*rarboxylic 

acid, 440 


4,4'-BiBben2eneazo8tjlbene-2,2'-djsuJ- 
fonic acid, 032 

1.4- Bis*p-butylanilinoanthraquinoiie, 859 
Bis-chloroai'etyl-p-phenylencdiaiuine, 

601 

2.5- Bis-p-chloroanilino-] , 1-benzoquj- 
none, 1117 

1.5- BiB-p-clilorobeiizamidoantiiraqub 
none, 888, 1234 

p-(Bis-2-chloroetliyl)aiiiinobenzaldehyde, 

1173 

Bis-chloroniet h yl-4 .4 '-d i beuzt h lazy l-(2)- 
azobenzeni*, 522 
Bis-<iiazobeiizidine, 420 
Bis-diethylannnnben/lij'diol, 7 1 5 
4,1'-Bis-diethylaminodiplieiiyIniethaii<*. 
728 

4,4'-Bisdi)ucthylaininoben7ophenon(‘, 4, 
130. 705, 710 

4,4'-Bisdiinetbylaniinodipheiiylnicthane. 
10. 130, 705, 758 

1.4- Bi.s-i8-b>dro\yf‘thylaininoantbraqui- 
none, 809 

2.5- Bis-iS-b>(lro\> eth> laniliiie, 099 
Bis-/3-hydroxye1hyl-ni-( bloroaiiiline, 0 10 
Bis-#i-b>dio\}ethyl-m-loluubne, 010, 721 
l,8-His-h>dro\3laininoan4brarufin, 81 1 

2 2'-His-li>dro\ymetbyIben7idinc, 1281 
Bis-indole-indiKOs, 1005, 1007, 1039 
I, l-BismethylaTHinoantlinujUinoue, 104, 
805, 809 

HismcthylaininodianunonikthiaipiiiioueH, 

800-7 

1 .5- BiBmethylamino- 4,8-dihydioxyan- 

thraquiiione, 805 

4,4'-Bis-(0-methylbenzotliiazyl-2-)HZo- 
bonzene, 1000 

1. 4- Bis-p-pheDO\> anihnoanthraquinone, 

800 

1 .4- Bisphthaliinidoant bracpiinone, 887 
BiB-toluidinoanthraquinenes, 300, 839 

3.5- Bis-trifluoroinethylaniline, 943 
Bixin, 1275, 1277 
Blaiikophors, 134, 030, 12 17, i21K) 
Bohn-Sehniidt reaction, 5, 62, 109, 823, 

825 6 

Boletol, 832 

BON acid, 2-hydroxy-3-naphthoic 
acid 

BON acid, alylidcs of, 651--2, 665 
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Brazilin, 743 
Brentbols, 652-3, 667 
BrSnner acid, 192, 453, 483, 498, 510-2, 
525, 566, 629, 635 

1- Bromo-4-acylamido-3-niethylanthra- 

quinone, 90$ 

Bronioalizarins, 821 

4-Bromoalizarin-2-Bulfuric ester, 851 
p-Bromoanilinc, 217, 413, 779 

4- Bromo-o-anisidine, 653 
lO-Bromo-9-anthrone, 158 

2- p*Broinoben zamidoafithraquinono, 928 

3- Bromobenzan throne, 138, 974, 979-80, 

993, 1115 

2- Bronio-l-cyanoanthraquinone, 980 

3- Bromo-l,2-diaminoanihraquinone, 91 1 
p-Bromodimcthylaniliiie, 719 
7-Bromo-4,6-diinethyl-5-methoxyiBatin, 

1031 

6-Bromo-2, 4-dinitroanilinc, 641 

5- Bromoisatin, 1024, 1030 
Bromo-l-methylaminoanthraquinone, 

838, 942 

1 -Bronio-2-mothylanthraquinonc, 951 

6- Bromo-7-methylisatin, 1041 
a-Bromonaplithalene, 69, 115 
Bromonaphthols, 534, 1042 

3- Hromo-9-nitrobenzanthrone, 979 
^n^Bromonitrobenzene, 76 

4- Bromophthalic acid, 142 

3- Bromopyridine, 138 
Bromopyriznidan throne, 998 
2-Bromoquinizarin, 851 

4- Bromoresorcinol, 145 

5- Bromo-/?-resorcylic acid, 145 
5-Broniosalicylaldehydc and derivatives, 

1218 

m-Bromotoluone, 66 
Brookcr deviation, 368, 381 
Buchorer reaction, 80-1, 89, 92, 109, 126, 
183, 192-3 

Butadiene, 163, 203, 349, 432, 1207 
Butanol, 203, 1329-30 
n-Butylamine, 1325, 1343 
4-Butylamino-l-hydroxyanthraquinone- 
2-sulfonic acid, 816 
Butylaniliiies, 100-2 
tert-Butylbenzene, 347 
^-n*Butyl-JV-j3-hydroxyothylaniline, 

101, 641 


A’'-»-Butyl-Ar-/3-hydroxyethyl-w-tolui- 
dine, 640-1 

iV-n-Butyl-AT-jS-hydroxyethylcresidinc, 

640-1 

p-4€r£-Butylphenol, 529, 539 
n-Butyl p-toluenesulfonate, 55 
n-Butyl-o-toluidine, 715 
tet /-Bu tyl-trini tro-wi-xy lene, 73 

C 

C- or CLT-Acid, 175, 480-7, 581 
Calico printing, 8-9, 288-93, 688-95, 752, 
758, 777, 780-3, 795, 878, 953, 1004, 
1007, 1017, 1019-20, 1022, 1040, 
1012, 1045, 1051, 1056-7, 1078, 1118, 
1122, 1140, 1145, 1341 
Calsolene Oil HS, 672 
Camouflage colors, 300 
Cancer, 42, 95, 515, 782 
Cannizzaro reaction, 134, 898 
Capillary analysis, 1326 
Carbazole, 25-7, 31-2, 39-41, 47, 49, 156. 
678, 697, 1062, 1101-2, 1106, 1313, 
1315 

Carbazole-2,7-disulfonic acid, 133 
Carbazole-indophenol, 7, 1067, 1082, 

1101-4 

Carbazole tetrasulfonic acid, 151 
Carbocyanines, 1147, 1149-51, 1324 
Carbolan dyes, 491, 859 
Carbon disulfide, 26 
Carbonization, 29, 42, 974 
Carbonyl-J-acid, 194, 497-8, 545, 580 

0- Carboxy-o'-hydrox> azo compounds, 

copper derivatives of, 558 

5-Carboxy-4-hydrox>benzaldehyde-2- 
sulfonic acid, 733 

m-Carboxy-p-hj^droxybenzencsulfoiiyl- 
J-acid, 606 

Carboxylic acids, 137-53 
1 -Carboxynaphthalene-6-sulfoiiic acid, 
970 

1- Carboxy-2-naphlhol-6-sulfonyl chlor- 

ide, 199 

iV-p-Carboxyphenyl- 7 -acid, 195, 578 
1-o-Carboxyphonylisoquinoline, 1001 
iV-m-Carboxyphenyl-J-acid, 546 
Carcinogenic hydrocarbons, 95, 432, 1295. 
1315 
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CftTminic acid, 833 
Carotenoids, 372-5, 1314 
CarthainiD, 1275-6 
Casein fibre, 262-3, 1080 
Cassella Acid F, 192, 512 
Catechm, 743, 1275, 1331 
Catechol, 113 4, 30, 116 
Catechu, 743 
Catenann, 832 
Cathartii drugs, 715 0 831 
Cation-active organic compoundb, 294 5, 
600, 1224 1332 1347 
Celatene d> cb, 803 
Cellitazols, h42 
Celliton d\ os 640-1 
Cellulose, 251 2 

constitution and fiber structiiie 1236 
64 

and direct d>ea, 1264 73 
degradation of, by light and at (h es 
1228 32 

Ccllulobe aietato, 251 5 281 876 1045 
1329 

Cellulose aictate d>cs foi 27 1 617 19 
782, 856, 1022 26 1017 1034 1145 
1173, 1206, 1326, 1334 1 336 7 1 341 
Ceramidonmes, 1072 1247 
Cetylpyndiiimni salt, 672 
Chay root, 830 

Chelate compounds 445 470 552 821 
828, 1118, 1127, 1321 2 
Chemical analysis of dyes 1 345 7 
Chemical and engineering aspects of 
dyestuff pioduction, 19 20 
Chemical constitution and (hroinato- 
graphic behavior, 131 4 
Chcmichromatography, 1332 
Chemiluminescence, 1215 
Chemotherapeutic activity of cyanine 
dyes, 1185 6 

Chicago acid, 190, 16, 97, 427, 453, 461, 
501, 509, 513, 536, 547, 571, 603, 
1285 

Chmifon, 177 
Chloramine T, 64 

Chloranil, 165, 153, 785-91, 1072-2, 1094, 
1104-5, 1117 

Chlorantmc* Fast colors, 586 
Chlor-H-acid, see l-chloro-8-naphthol-3- 
6-disulfonic acid 


Chlorination, 64 

Chloroacetic arid, 180, 209, 861, 1027, 
1054, 1108, 1115 
«-Chloroacetophenone, 729 

1- Chloroac et-o-toluidide, 147 

4-Chloroali/arm 821 
Chloroanihnes 62 3 83 154, 175, 217, 

225 120 48() 9, 571, 61 J, 616, 653, 
657 660, 796 854 1190 
Chloroaniline siilfonu adds, 174, 481, 
486 533 613 

4- Chlorc>-o-anisidin( , 122, 458, 501, 538 

653 660 6(>4 

2- Chloro-p-snisjiline 6()2 
C'hloroanthr inih( uids, 117, 578, 604 

925 

l-(3iloio inthiaqiiinoii(-2*aldchydc, 89S 
(''hlorointhraqiiinonc caiboxylic aiid^ 
152 S55 SS9 895 <)1S 9 922 927 
929 931 

( hloiointhr upiinont disulfonit acids 62 
l-(9iloio intlii iqiimon(-9-o\un( 992 
( hloio inlln iquiiKUK'* UiO 2 16 79 93 
8S2 S93 S95 7 90S 9 IS 9 
( hloroanthiaciiiinoiH sulfomc acids U2 
3 91 

( hlorolion/ ildchvdf s 52 66 711 713 4 
721 733 746 

Chlorobenz inthrorus 958 9<)0, 974 5 
Chlorobenzene 64 16 41 74, 79 82 180 
3 39, 941 

Chloio)>di/tnc-p-scilfonic acid, 176 661 
Chlorobcnzoic adds 103 1 39, 1 40 117 
918 95(» 

0- C hloroben/oniti ilo 1131 

9-( hIoro-(6',7'-)bciizothioindo\yI 10 30 

5- (9iloiobeii7oxa7olon( 179 
Cblorobcnzoyl chloiides, 134 152 
C hloroben/oylpyiene, 953 

3- Chlorocarbazolc, 657 

1- ( hloro-2-( hloroniethylanthraquinoiie 

857 

6- Chloro(resicline, 123 
6-Chloro-m-ciesol, 1 1 3 

4- Chloro-6-c yano-m-tohiidiuc, 660 

I -Chloro-2, 6-(bam mobon yen o-4-snlf on u 
acid, 572 

3-Chloro'3' l-dibenzanthronyl, 975 6 

2- Chloro-4-diathylaminoben/aldchyde, 

726, 1206 



SUBJECT INDEX 


1395 


5- Chloro-2;4-diiiiethoxyaQilitie, 653 

6- Chloro-2,4-dmitroani]ine, 641 
ChlorodinitrobeuzencH, 74, 16, 79, 103, 

107, 118, 406, 481, 697, 722, 969. 
1060 1, 1081 

l-Chloro-2,4-dinitrobcnzeno-6-sulfonic 
acid, 178 

4- Chloro-3,5-diTiitrobenzoic acid, 140, 107 

l-Chloro-2, 4-dinitron 0 ph t hal on o , 7 (>8 
3-Chloro-4-cthoxyacotoacctanilid(*, (>99 

1- Chloro-2-othoxynaphthaIcne, 100 
/?-Chloroothyl nialcatc, 81 5 
/9-ChIoroethyl succinate, 815 
/S-Chloroeth} 1 p-tolucnesnlfoiiatc. 972 
Chloroform, 203 

2- Chlorohydro(iinnoiic, 1 54 

2- Chloroliydroquinonc dimethyl ether, 

120 

l-rhloro-4-h> tlroxyanlhraquiiione. 162 
l-Cliloro-J-acid, 003 

3- Chloiojuglono, 801 
l-Chloro-3-methox3*-2“mctli:^ lanthraqui- 

noiie, 163 

0- C’hloro-7-niethoxy- l-meth> li^^atin 

1023. 1030. 1012 

d-Chloromethylanthraquinono 897, 1110, 
1112 

1 -C’hloro-2-niethylanthraquinone, 1 6, 

162, 951 2, nil 

3- C'hloro-2-niethylanthrnqiiinoiie, 162, 

1114 

5- Chloro-2-inethyll)en7o\a7ole, 1 78 
p-Chlorometh>lben/oyl chloride, 694, 

1054 

6- Chloro-7-ineth>lisafin, 1023 

1- Chlorometh> Inaphthasultone, 166 
5 -Chloro- 2 -iiieth 3 1-0-nit robcn7o\n/ole, 

178 

2- Chloro-6-melh> lphenylh> drazine- 1- 

siilfonic acid, 607 

Chloro-methylthioindoxyLs, 1031, 1033-5, 
1037 

4- Chloro-2-incthylthiophenol, 103 1 
Chloronaphlhalenes, 68, 89, 115 
l-Chloronaphtlialene-4-sulfonio acid, 166 
l-Chloro-8“naphthol-3,6-diHiilfonic acid, 

191, 64 

Chloronaphthols, 634, 626, 770, 10 12 
1 -Chloro-2-naphthylaDi ine, 42 1 


Chloronaphthylthioglycolic acid, 1030, 
1035 

Chloronitroanilines, 107, 525, 641, 644, 
660 

4-Chloro-5-nitro-o-anibidine, 538 
4-Chloro-2-nitroanisole, 122 
Chloronitroanthraquinones, 79, 824, 902 
2-Cliloro-6-nitroben/aldchyde, 1019 
Chloronitrobcnzenefl, 65, 79, 106, 118, 
121, 172, 171, 178, 697 
2-Chloronitrohenzene-5-sulfondiethyl- 
ainidc, 406 

Chloronitiobenzenesulfonic acids, 131, 
171, 170 7, 208, 406 7 
Chloronitrobeiizont*sulfonv 1 clilorides, 

132, 198, 475 

2-Chloro-5-nitrobenzoic acid, 140 
4-ChI()ro-3-nitrodiphenyl sulfoiie, 201 

2-C'^oro-5-nitrohydroqninonc dimethyl 
ether. 120 

l-Chloro-2-nitrophenoJ. 119, 178 

4- C9iloro-5-nitrophthalic anhydride, 163 

1- Chloro-O-nitroresorcmol dimethyl 

ether, 122 

rhloronitrololuenc.s, 75 6, 123, 175 
6-('’hloro-2-njtrotoluene-4-sulfonic acid, 
175 

2- Chlorophenanthrene, 318 
ChlorophcnoK, 113, 155, 162, 178, 823 

868 

6-C'hloro-2-phenyIanthrapyndazone, 855 
Chlorophenylenediamines, 544, 1192 

1- Chloro-2-phthalimidoanthraquinone, 

989 

Chlorophyll, 553, 1120-1 
/3-Chloropropionic acid, 1054 
.V-/3-Cliloropropion3d-J-acid, 491 
Chloropscudocumene, 145 
6-Chloroquinaldine, 1 198 
C'hloroquinizarins, 806, 821, 837 
('’hlororaphine, 779 -80 
Chlororesorcinol, 751 

5- Chlorosalicylic acid, 439 
Chlorothymol, 113 
Chlorotoluenes, 65- 7, 75, 1034 

2- ChIorotoluene-4-sulfon\l chloride. 1037 
Chlorotoluidines, 66, 81 5, 175, 486, 611, 

653, 660, 1034 

C'hlorotoluidine sulfonic acids, 175, 485- 
6, 501, 570 
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Chloroxylenol, 113 
Chromatid ty diagram, 313-^ 
Chromatographic adsorption analysis, 
(Chromatography), 461, 870, 1307- 
32 

Chromatography of d>es, l320-ti 
Chrome dyes, 283, 471, 773, 850-1 
1341 2 

Chromium compounds, 270, 28.3 4, 52.1, 
534-9, 550-2, 560, 505 
Chromogen, 323 
Chromogcn I, 798 
Chromophores, 323, 341 2 
Chromotropic acid, 167, 171, 152-3 400 
469, 483, 491-2, 507, 51.1, 529 
monosodium salt, 798 
Chromotropic Blue, 492 
Chromoxanc dyes, 731, 733 4 
Chrysarone, 830 
Cbrysasm. 824, 849 

Chrysene, 25-6, 32, 30, 41, 49, 097 950 
987, 1110, 1286, 1315 
Chrysenequinones, 950 
O-Chrysenol, 446 
Chrysm, 435 

Chrysophanic acid, 831 2 
Ciba Bases, 662 
Cibanaphtols, 052-3, 075 
Cinchonic acid mcthochlonde, 1 148 
Cinuamaldehyde, 960 
Cinnamic acid, 219, 847, 113t> 
iV-Cinnamoyl-H-acid tind -J-acid, 1289 
Cinnolme, 444 

CiR-tians isomers, chromatographic sc])a- 
ration of, 1319, 1324 
Citrinm, 430 

Claisen rearrangement, 802 
Classihcation of dyes, chemical, 210-7 
according to dyeing piopertics, 208 75 
Clemrnonsen reduction, 112 
Clcve acids, 182, 187, 428, 500-5, 520 7, 
672-9, 588, 591-3, 599, 002, 604 606, 
1077, 1272, 1322 
Coal tar, 2, 3 
constituents, 26^32 
distillation of, 24-42 
Cobalt complexes, 567 
Cobalt phthalocyaniney, 1122, 1126, 1142 
Cochineal, 485, 832-3 
Collidine, 25—6, 1330 


Colloresm, 289, 878 

Color and chemical constitution, 323-400, 
452 

Q)lor blindness, 3 1 0 
Colored smokes, 300 

C^olor formers, see components foi color 
phdtography 

Colorimetric estimation, 1017, 1345, 

1347-9 

Coloilcss 8Ubstanc(‘s, chromatography of, 
1312, 1323 

Color, measurement of, 3l() 22 
C'omponents for color jihotogrnphv, 
1201 6 

Congo Ttubino miinbei, 511 
('‘oordination compounds, 534 551 869 
1122 

Coplanarity, 377 1281, 1286 7 
Chopper complexes 523, 513 50. 552, .557, 
566 

Copper number, 1057, 1228, 1242 
Copper phthaloc vaiune and deiivatncs 
1067, 1118 9, 1128 40 
Copper salts, dyes treated w ith (>0 1 5 
Coprantine (l\es, 601 
Coprosma lolonng matters, 830 1, 1321 
Coronene, 986 1072 
Cosmetics, colors, foi, 298, 302, 748 
Cotton fiber, 251, 1260 
Cotton d> emg, 25 1 , 277 80, 1261, sec also 
under vanous classes of dyes 
Coumarin, 136 
Coumarone, 2(>, 28, 36 
Coupling of din/onuim salts, 411 .45 
Cresidmes, 120 122, 453, 458 109, 18.) 
601-3, 574 578, 682, 587, .592 601 
633 4, 642 

CV(»solh, 111 2, 16, 26 7, 29, 37 8, 47. 81 
81, 109 135, 453, 482, 503 518 529 
.532, 5.48, 641, 615, 730, 8.42, 8()8 
p-Cresol sulfonic acid, 38 
Crcsotinic acids, 509 10, 546, 731, 7.44 
888 

Cresylic acid, 16 

Crocem acid,* 167, 170, 487, 499, 507, 
511-3 

Crotonaldehyde, 203, 1197, 1199 
Crotonic anhydride, 1 1 57 
Cumene,' 28 
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Cuprammonium fluidity, 1057, 1228, 

1230*2, 1238-40 

Cuprammonium rayon, 280, 478, 1270, 
1341 

Cuprophenyl dyes, 604 
Curciimin, 1275-6 
Cutch, 743 
Cyanamido, 229, 817 
Cyaniii, 742 

Cyanine dyes, 9, 216, 351, 301, 363 4, 
382, 394, 1143-86 

5- Cy nnacotam ido- 1-naphthol , 1 203 

0- CVanobonzainidc, 1118, 1128 

4- C>ano-2,5-(lialkoxyaceloarptanilKlo. 

699 

1- Cyaiio-2.5-(iunf'thoxyanjlino, (>00 
A'^-CVa*iootli\ Ic-arba/ole, 730 
C'yttnogon ehloridc* 583 

2 - C 3 ano-5-methoxyphenylthio>!l j folif 

ai'id, 1027 8 

1- Cyaiionaplithaleno-8-suI1onu* acid, 957 

2- Cyano-4-ni1 roanilim*, 647 
Cyaiiuiated dyes. 538 88, 891 3, 1283 
Cyanuric acid derivatives of aiithniqni- 

iione, 861 

(Jyaiiuric chloride, 583, 580, 584 . 018, 
631, 635 6, ()57, 679, 121S, 1283 
Cyanuric triazido, 1286 
Cyclohexanol, 111 
Cyclohexanone, 180 

CyclohexylaniJiie, 107, 810, 812, 1188, 
1208 

6- Cyciohe\ylbenzanthrone, 901 

5- Cyelohex> l-o-'toluidiue, 489 
Cyclooctatctracne, 143 
Cyelopentadiene, 26, 443 
CJyinene, 28, 1 43 
(*yno<lontin, 832 

D 

Dahl acid, 188, 487, 498 
Dakin oxidation, 11 4 
DDT, 64-5 
Dead oil, 34, 36 
Decacyclenc, 1072 
Decalin, 37 

Decamethyldiphenyl, 432 
Deeroline, 291 

DeHoeeulatin^c apjenls for vat dyes, 866 


DeKeneraey of limiting btruetures, 380-9 
]>halogenation, 921, 925 6, 1226 
Dehydroindigo. 1046 
Dehydroihio-p-toluidine, 453, (>22. 624-5, 
10()S, 1070, 1092 3, 10*)9, 1278, 1288 
Deh> drothiotoluidine-5,7-disnlfonie acid, 
624, 627 

l)<4i>drothiotohiidine sulfonic acid, 510, 
547, 619, 623 6, 634, 1067 
Deh> drothio-m-x> lidine, 626, 1322 
Deoxyali/arin, 829 
Dermatitis, 1195, 1315 
Desmodur, 73 

Desulfonation 35, 63, 105, 169. 183 
Detergents, titration with d\ev. 1.U7 
De\c‘loped dves. 590 9 1343 
J)e\eloj)or O, 13-12 

De\ elopers (conpling coinponi*n1b). 590 
Dextrin, 866 
i)ii6 process, 44 
Diacetoacet-o-tohdide. 699 
l-DiaeetonylaminO“ l-/3-h> droxyethyl- 
animoanthraquinone, 809 
Diueeloiesorcinols, 440, 1322 
9. lO-Diacetoxy-0, lO-dihydroanthracene 
158 

2,5-Dinlkoxy-4-ai> lox> acetaniidoanihne, 
221,662 

1. 4- nialkylaniiiioanthraquinones. 804-5 
m-Dialk>laniinohenzyl alcohols, 643 
m-Dialk>lamjnophenols, 745, 782 3 
Dinlkj Inaphthalene iiiono^ulfonic and 

59 

Dialy^'is of azo dyes, 451 
Diamines other than heuzidino, d\eh 
from, 514-6 

2 l-D»aminoacetanilide, 107, 1071, 107 4 

3 6-Diaminoacridine, 755-6 
3,6>1)iaminoamdine •<ulfate (Protlavme). 

755 6 

Diaminoanthraquinoncis, 16, 77, 93 4 
809-10. 816, 836, 8)19. 842, 850 881. 
883. 886, 889, 893, 902 3, 906, 908 9. 
91 1, 934, 939, 943. 081. 998, 1115 6, 
1234, 1317-9 

1.5- Diamiiioanthinquinone-2-sulfonic 
acid, 842. 008 

4,8-Dinminoanthrarufin. 804, S87 
4. 4 -Dijiminoa/oben/ene, 508, 899 
3,3'-Diaminoazox> henenze, 516 



1398 


SUBJECrr INDtOX 


DiaminoajBoxy toluene, 126, 509, 516 
4,4'-Diamiaobenzanilide, 603-4 
Diaminobenzophcnone, 698, 817 

3.6- Diaininocarbazole, 500, 516 

2.6- DiaminochlorobenzGne-4-salfonic 

acid, 175, 520 

2.4- Diamino-6-chlorotriazinc, 584 
Diaminoohrysazin, 810 
2,2'-Diamino-l, I'-diantliraquinonyl, 932, 

988-9 

4,1 '-Diamino- l,r-diaiithriiiiido, 843, 894 
3,12-Diaminodihenzanthronc, 966, 979 
l)iammo-4,4'-dibeii/anthronyl, 968 
4,4'-Diamiiiodibenzyl, 509 
Diaminodichloroanthraquinonos, 836 7, 
850, 939, 1115-6 

2.6- Diamino-3,7-dicliloro-l,5-dimorcai)to- 

unthraquinoiie, 917 

1 .4- Diamino-2, 3- dihy droa ii t hra qu i none, 

836 

Diaminodihydroxyanthraquinones, 78. 
95, 121, 803 6 

Diaminodih> droxyanthraquinone disul- 
fonic acid, 53, 95, 818 
1 5, 1 8-Diamino- 1 6, l7-dihydi oxj^diben- 
zanthrone, 973 

3,8-Diamino-4,7-dimcthylacndine, 1 067 
4,4'-Diamino-3,3'-dimethyldiplienyl- 
amine, 515 

2,2'-Diamino-l , I'-dinaphthy 1, 1 281 
4,4'-Diamino-2",4"-dinitrophenylfuch- 
sonimide, 722 • 

1.4- Diamino-2,3-diphenoxyanthraqui- 

none sulfonic acid, 850 
4,4'-DiaminodiphenyIamine, 88, 130, 154, 
324, 457, 479, 508, 515, 598, 661, 763, 
779 

4,4'-Diarninodipheiiyl-l , 1 '-cyclohexane, 
518 

2,2'-Diaminodiphenyl di&elenide, 1167 
2,2'-Diaminodiphenyl-4,4'-disulfonic 
acid, 133 

3.6- Diaminodiphenyleiie oxide, 509 

3.6- DianiinodiphGnylenc snlfonc, 509 
Diaminodiphenyl ether, 698 
4,4'-DiaminodiphenyImethane, 132, 457, 

508, 517 

4,4'-Diaminodiphpnylipethane-2,2'-suI- 
fone, 210 

Diaminodiphenyl s, 49, 126, 992 


4,4'-Diaminodipheiiyl sulhde, 132, 479, 
509, 525, 1292 

4,4'-Diaminodiphenyl sulfide 2,2'-disul- 
fonic acid, 132 

4,4'- Diaminodiphenyl sulfone, 200 
4,4'-DiamiriodipheiiyIthiourea, 507-8 
4,V-Diannnodipheiiyhirea, 131, 476, 506- 
9, 51 1-6, 580, 599, 790 
4,4'-Dianiinod ij ihcny lurea-3,3'-dicar- 
boxylic acid, 131, 618 
l,4'-J)iaminodiphen>Iurea-3,3'-di8iilfonic 
acid. 131, 51 I 5, 581, 598 
Diaminofluorene, 233, 509, 697 

1.4- Diamin()-2-mctho\ynnthraquinone, 

805, 815 

3.6- Diamino- 10-inct hvlacridiniuni chlor- 

wlc, 756 

5.7- DianHn()-2-methylanthrnqiiinonc, 1 63 
Diaminonaphthalene disiilfonic acid, 196. 

125. 515. 579 

Diammonnphlhalone inonosiilfonic acid, 
196 125. 515, 530, 532, 542, 1195 
Dianiinonaphthalcncs, 90 1, 125, 507 8, 
515 

1, l-l)iammo-5-nitioanthraciiiinoiic, 805 

2.7- Diaminophcnanthi aquinone, 700 
Dianiinophcnol, 181, 519, 1081, 1090 
4,()-Diaminopy i j m id i n c, 43 1 

4, 1'-Diaminobtilbenc. 476, 506, 508, 

1285-6 

4,4'-Diamino8tilbene disulfonic acid, 16, 
131, 457, 628, 635-6, 846 
4,4'-Diam ino-o-terphcnyl, 1 285 
Diaminotetrachloroanthraquinones, 1115 

4. 8- Di am iiio- 1 , 3, 5, 7-t ct rahy droxy anthra- 
quinonc-2,6-disulfonic acid, 834 

2,6-DiHniinotohienc-l-sulfonic acid, 175, 
509, 520 

1, l'-Diaminotriphen> Imcthane, 517, 614, 
709 

Dianiino-m-xylene, 417-8 
Diamylaniline, 418 
9,10-DianiIinoanthraccne, 1207 

2.5- Dianiliiio>-],4-l>cnzoqijinonc, 154 
1,0-nianilinohcxane, 817 

1.5- Dianilino|iaphthalcne, 1073 

1 ,3-DiaTiiliuo|iap!ithalcnc-8-siilfonic acid, 
772 

Dianihidme, 128, 427, 458, 476, 506-8, 
512-3, 545, 547, 677, 591, 594, 697, 
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603-6, 660, 653, 661, 786, 1268. 
1279 80, 1320, 1322 
l,r-DianthraquiDonyl, 162, 983 
4, 4 '-Diant hraqiJ inony lazoben zeo e, 899 
Dianthraquiiionyl dirai boxy lie acid, 966, 
980, 988 

Di-jS-anthraquinonyl diniotliyl aulfidc, 
897 

2,2'“Dianthraquinonylethane, 1113-1 
Dianthraquinonylethylonc, 864 

2, 5-Diant hraquinony 1-1, 3, 4-oxadi azoic, 
914 

Di-/9-aiithraquinonyluroa, 881 
Diaiithriiiiide, 843, 893 5, 900 I, 933, 
1215 

Diaryldihydroi.sobcnzofuran^, 1 207 

2,4-Diarylii>rroles, 1199 1201 
Diazoaminobcnzeiic, 210, 438 
Diazoainino compounds, 228 230.416 20 
Diazo coating compositions, 235 
Diazo compounds, photochemistry of, 
233 

Dia/odiiiitrophcnol, 212 
l-Diazo-2-naphthol-l-siilfonic acid, 222, 
234, 531 

l-Diazo-6-iiitro-2-naphthol-4-sulfonic 
acid, 189, 222, 234, 531, 618 
Diazonium salts, constitution and reac- 
tions of, 216 22 

Diazonium sulfates and chlorides, 224 
Diazo oxides, 181, 212, 216 
Diazo photographs and prints, 234-9 
Diazopon A, 278, 670 
Diazosulfonates, 231, 238 
Diazotization, 210-5 
Dibcnzanthraccncs, 41, 1295, 1315 
l)i})enzanthraquinonyl, 986 
Dihcnzanthronc, 6, 342, 875, 958, 961 ’-4, 
974, 980, 1292-3, 1325 
6,6'-Dibenzanthronylaminc, 96 1 
Dibenzanthronyls, 062 4, 968 9, 971, 
976, 980 

3,3'-DibcrizanthroD> 1 aullidc and selcii- 
ide, 138, 974-6 

3,3 -Dibcnzanthronyl sulfone, 975 

2,3,5,6-Dibenzocoumaroiie, 32 
Dibenzodiazapyrene, 1073 
5,6,1 1 , 12-Dibenzoperylenc-4, lO-quinonc, 
984 

Dibenzopheuanthrene, 1315 


Dibenzo-y-pyran, 740 
Dibonzopyrazine, 76 1 
4,5,9, 10-Dibenzopyrciic, 219, 948 
Dibenzopyrcncqiiinones, 8, 864, 890, 

953-5, 974, 1002, 1234, 1246-7. 3295 
Dibenzothiazine, 791, 1180 
2,2 -Dibenzothiazolylinethane, 1166 
Dibenzothionaphthene, 32 
4,4'-Dibenzoyl-l . l'-(linaphth\ 1, 961 
Dibenzoylciieanlhanthrcno. 986 
JNT.iV'-Dibonzoylindigo, 1021 
Dibenzoyinaphthalencs, 137, 953 5 

3.9- Dibenzoylperylenp, 975 6 

1.6- Dibenzo>lpyt(*nc. 951 2 
Dibenzyl, 48, 207 
Dibenz 3 lanilinc, 713 

1.4- Di-fran.'?-2'-bcn/yIcyclohcxylaniino- 

anthraq\iinonc, 847 
Dib^moanth.-inthrone. 937, 1234 
Dibromoanthraqiiinonc, 93, 837 

3.9- nibromobcnzMnthronc, 138, 981-2, 
995 

Dibromo-o-crcsol, 737 
Dibromodibenzanthrone. 968 

3.9- Dibromo-4, 10-dibcnzo> Ipcrylcno, 

975-6 

Dibromodichlorophcnol, 737 
Dibromodih> droxjd^ciizo.vl benzoic acid, 
748 

Dibromodinitrofluorescein, 748 

2.7- Dibromodiphen3 lene oxide, 910 
3,3'-Dibromoflavanthrone, 992 
Dibromofluorescein, 748 
3.3'-Dibromomdanthrone, 940 
Dibrompindigo, 1018 9 

5.7- Dil>romoindo\yl. 1040 
Dibfomoisatin, 1024, 1030, 1040, 1042. 

1226 

6, 1 5-Dibromoiso\ lolanthrone, 937 

2.6- Dibionionaphthalene, 910 

2.6- Dibromo-4-nitroaniIine, 21 1 

2.6- Dibromo- t-nitrophenol , 1 55 

1.7- Dibromoper3'leno, 975 
Dibromophenol, 737 
Dibromophcnothiazinium bromide, 793 

2,6-Dibromoquinonc-4-chloroimide, 155 

3.5- DibromosaIic3dic acid, 440 
Dibroinoth 3 ’mol, 737 
Dibromoxanthopurpiirin, 7 48 
Dibutylaniline, 418 
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Dicarhocyanine», 1147» 1153, 1163, 1321 
Dichloroaniline, 16, 83, 222, 439, 497, 
571, 620, 600. 922, 930 
Diohloroaniliue sulfonic acid, 175, 486, 
525 

Dichloroanthrncene, 1109 

3,5-Dichloroanthranilic acid, 843, 925 

1 . 4- Di chloroan thraqiiinonc-6-carboxy I 

chloride, 908 

Dichloroanthniquiiione dibulfonic acid, 
162 

I>ichloroanthraqui nones, 52, 79, 92 1, 
161-3, 8:17, 8:19, 895-6, <K)7 9, 92:i, 
931 

nichloTobenzaldehydcs, 131, 713, 731 
Dichlorobonznnthrones, 9(»0 
Dichlorobenzenes, 64, 16, 65, 75, 87, 93 
113, 139, 161, 839, 868, 934, 952 

2.4- Dichlorobenzenosulfon>l < blonde, 202 
Dichlorobcnzidines, 129, 458, 507-8, 511 

677, 1279 

Dichloroben/oic acids, 139, 1 17, 75S, 996 
Dicblorobenzopheiione di( blonde, 729 

2.5- l)ichloroben7oyl chloiule, 139 

1 , 1 '-Dichloro-2,2'-diant hraquiiu)ii> 1- 
ethylene 897 

6,6'-Dichlorodianthninicle 905 

1, r-Dichloro-9,9'-diantliione, 985 

9, 9'-Dichloro-3,3'-d iben /a nt b rony 1 di- 
selenidc, 978 

4,8-Dichloro-l ,5-dlUydlox^ aiithr.'iqui- 
none, 851 

5.7- Dichloro“l,6-dimethyhsatjn, 1012 
6,6'-Dicbloio-l,4'-diniethylthiojndigo, 

101)7, 1231 

Dichlorodjiiitroantbraquiuoiics, 79 
1 ,3-Dichloro- 4,5-diiiitroljen/ene, 92 1 
l,4'-Dichloiodipben> 1, i:i2 
Dichloiofluorane, 750, 752 
Dichloiofluore'-cein, 749 
nicbloioindanthroncs, 940 2 

5.7- 1 hcbloroiaat in, 1025, 1029 
j8-Diehloronieth> lanthraquinone, 897 

5. 7- Diohloro-4-ni et by 1th ioindoxy 1 , 1 0:i5 

2, (>-Dichlorouaphthalenc-l,4,5,8-tetra- 

carboxylic acid, 1194 

5.8- Dichloro-l-naphthol, 534 
2,:i-Dichloro- 1 ,4-naphthoquinoiic, 1 56. 

1094, 1108, 1187 

6.8- Diehloro-J ,2-naphththioindoxyl, 1037 


2.6- Dichloro-4-nitroaniline, 106, 675, 641, 
644 

Dichloron itroant hraqu i none, 79 
Dichloronitrobenzenes, 16, 75, 106-7, 119, 
122. 178, 921 

2.4- nichlorophenol, 113, 737 

2.4- l>jchloropbenoxyacetic acid, 113 
2,0-l)ichloro-p-phenylenediamine, 660 

2.4- Dichlorophcnj It biogly colic acid, 202 

3.5- 1 )ichloro- 1 -phenyltriazine, 582 
Dichlorophthalic anhydrides, 142, 749 
Dichloropynnudine, 582 
Dichloioqiiina/oline, 5S2 

6.7- I)i( hloroquini/atin, 806, 837 

2 t)-I)i( hloioiiuinone-l-cldoroimide, 112 
5 7-l)i( hlorothioindox^I, 10:10 

I)i( hlorotiuophenol. 202, 931 
3,3'-l)ichJoro-?/i-tolidjne-6,6'-di«»ullonic 
acid. 518 

Dichlorotoliienes, 66 7, 134 
Dichloro-p-\vlo(iiiirione, 1 105 
Dichromate, d\es tiealed with, (»05 6 
Dicvaniiie'H 1147 1151 

3 l-Dicvanodipheuyl, 1130 
Dicj anonaphtbalenes, 1124 
2,.3-I)ic\ aiio(iuini/arin 824 
I)ic}clohcx> launne, 1208 
I)ic\f lopentadione, 26 

Diels-Aldor reaction, 163, 143, 950, 961, 

Dietbanolanuno, 841 
o-Diethoxybcnzidiiio 5 17 
2 5-l)ietbox>-l-etlnlinerca}>toai)ilinc, 

236 

Dieth>I 2-acetvlsuci mate, 610 
Diethjiainine 203 

5-l)ieth>lainiiioantbtaiiiijc acid, 236 
p-Diithylaniinoljennddobvde, 72t>-7. 731 
2-p- 1 )iet by laini nobeii/> Iideiielh lo- 
indoxyl, 1176 
Diethylaniinoetlianol, 692 
w-I)ieth>laminophenol, 179, 746, 750, 
763 

4-Diethylaittino-2-sulfobeiizBldph> de, 733 
Dietliylanilifie, 99, 16, 173, 642, 713 4, 
721 2,794 

Dielbylanilhie-m-sulfonu* acid, 173 
Diethyl carbonate, 719 
10,17-Diethyldibenzan throne, 965 
Dicthylcne glycol, 866 
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6,15-'Diethyli8odihenzaDthrone, 9()5 
Dictfaylmetanilic acid, 420 
Diethyl o-nitrobonzoylnmlonate, 140 
dfS'-Diethyloxathiaryanine iodide, 11 50 
Ii,3'-DipthyJoxathiadirarbo(\\anine io- 
dide, 1155 

8, II '-Diethylthi alanine iodide, 1 1 5b 
A^,A^'-Diethyl-o-loluiiline, 100 
Difluoroitidi(i;o. 1018 
Diforinyl-?Ai-phen>lenedianjine, 107 
iV-Diguanidino-J- and T-acids. 101 
1 -Diguanido-7-naphthol , 237 
9,10-Dihydroaeridine, 31, 710 
DiL ydro-2'-amitio-2, 1 '-di a n Ih ra q u i non \ ) > 
amine, 937 

Dihydroanibraquinoneayino, 8b 1 
Dihydrobenzanthrone, 950 
Dihydrobenzene, 384, 301 
1 )ihydro-4. 4'-dil)cnzantbroii\ 1, 0(.3 
G, 15-Dihydrohexaoene, 358 
9, lO-Dihy(lro-9-bydro\j tuTidine, 755 
9«IO-Dihydro-2-hydrox> nntlif at ene S20 
Dihjdroindanthrone, 032, 035 !> 
Dihydiopbena/ine, 7b I 

2.3- Dihy<lix>pyran, 202 

Dih} drop3Tirnidantlirone 007 
Dih>droquini/niinquJii()ne, S2 1 
Dihydrorewiuiiol, 131 
2,G-Dih3droxyacelophenoii(\ 1 10 
I )ihydroxyantlianthi one, 057 

1 .2- Dihydroxy-O-anthianoI, 131(» 
Dihydroxj'^anthraquiiioiies. 53, 117, lb2, 

*244, 823, 8G7 

Di hydroxy nzobenzciies, 180, 115, 140, 

*558, 1321-2 

r>,o'-Dihydrox> azo dyes, 557 05 
3, 3'-Dihydi 0x3 benzidine. 120, 517, b04 
1, l'-Dih3’drox3benzophenone, 700, 731 
2,5-Dihydroxybeiizoqinnone 700 
3,3'-Dihydroxy'diantlirone, 829 
2,2'-Dihydroxydiarithryl, 820 
Dihydrox3’^dibenzanthroiie, 8, 0G4. OGO, 
971-4 

at able leuco derivative of, 1053 
2,2'-Dihydroxy-l, r-diiiaphth3 1, I IG 

2.2 - Dihydroxy-1,1 '-dinaphth.v linethane, 
422 

4.4 - Dihydroxydiphonylaniine, 1 082, 
1104 

o.o'-Dihydroxydiphcnylmcthane, 740 


2,2 -Dihydroxydiphen3 1 sulfide, 1093 

4.4 - Dihydroxydiphen\J sulfone, 200 
Dihydroxyfliivone, 43(4 

7, 1 5-Dihydroxyhexaeene-5, 1 G,S. 1 3-di- 
quirione, 98G 

4,4'-Dih3'droxyindanthrone, 939 

5.4 - Dihydroxy-7-niethoxyisofiavone, 7 42 

1.7- Dihydroxy-3-methoxyxanthone, 740 
Dihydroxy-2-methyIanthraquinones, 1G3, 

830-1 

3 5-Dihy drox3'^-2-moth yl-1 ,4-naphtho- 
quinone, 801 

Dihydrox3 naphthalene di.sulfonie acids, 
1G7, 425 

I)ihydro\3naplithaleue nionosulfc/iiic 
aeidhl 70-1, 195, 491, 502, 510. 518, 
530. 539. 544 

Dihydroxynaphthalenes. 170. SO J5b, 
^2, 424-5. 530. 543-4. 548 50 5G3 
604 5, 740. 782. 824, 955 9SG 
Dih3droxynnphtlK)ic acids, 149. 152, 171 
Dihydroxy-l,4-naphlhoquinone, 706 8 
1 , 1 2- Dihydroxy per3 lone, 9 49 
2 3-1 )i hydroxy-7 8-phthalo3lq\ijrio\alinc, 
934 4, 943 

Dili3'dro\3"p> rones, 9 48 

2.4- l)ih3d 1*0x3 quinoline, 14G 7. 43 4, 48G. 

538. 5 42, 573, b40, 701 

2.8- Dih3 droxy-6-sulfo-3-naphthoie and. 

G19 

l)ihydrox3 tartaric acid. GOS Gil 

2.5- Dih3*dro\3*tcrephthalie ester, 1207 
3,7-Dih3*dro\ytctrah3diobenzoquino- 

liue, 182 

1.5- Dihydroxythianthrene, 1 108 
Dih3dro\3driphen3 Imethane. TOO 
I 7-Ihhydroxyxnnthonc. 740 
S,8'-l)iiodo-l,r-diriaphth3 1, 940 
Diiodofluoresccin, 749 
Diiodoqiiin, 177 

2, 4-l)iiodoquinoline ethiodule, 1 IGti 
Di-J-aeid, 194, 498, 544 5, 548. 575, t>05 
1288 

Dikctene, 205, 430, G12-3. 65G 
1G,17-I)ilv0todibenzaiithrone, 971, 973 4 
Dilauioyl peroxide. 799 
Dininzon, 480 
Diniesit3*l, 376 

Dimcthoxyanilines. 230, 417, 458, 549, 
578, G49, 653, 117 4 
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Dimethoxy-l,4-oen2oqumone, 154, 799 
Dimethoxydibenzanthronc, 8, 969, 971 
6,15-Dimethoxyisoviolanthronc, 978 
2',4 -Dimethoxyphenyl-J-acid, 603 
Dimethylaniine, 208 
p>Dimethy]aniinoazobcnzcne, 95, 1241 
p-Diniethylaminobenzaldeh> dc, 135, 

1206 

4- Dinicthylaminoben7aldchyde-2-sul- 

fonic arid, 733 

Dimot hy 1 am inoben zh y drol , 712 
p-Dimethylaminobenzophrnonc. 1 224 

5- p-Dimethylaminobcijzylidcnorhoda- 

nine, 1176 

o-Dimethylaminodiphenyl, 733 
4-Diraethylannno-4'-h> dr()X> diphon> 1- 
amino, 1062, 1076, 1102 
4-Dimethylamiiio- t'-nitrostilbonr, 3 15 
?n-Dimethylamiiio})henol. 179, 745 
Dimethylaminophonylpyridinr, 1 19(» 
p-Dimethylammohtilbone, 344 5 
Dimcthylaniliiie, 96-100, 80, 135, 137. 
173, 418, 461, 481. 522, 642, 711 3, 
719, 721-2, 732, 792, 901, 1040, 
1048 9, m2, 1196 

Dimethylanilme sulfonic a<Md, 173, 1050 
Dimethylaiithracones, 31 

2.3- DimcthyIanthraquinono, 164 

3.4- Dimethyl-/7i«-benzodjanthroiic, 984 

2,3-Diinethyl-l,3“butadione, 164, 1130 
Diniethylcatechol, 30 
Dimethylceroxene, 747 
Dimethylceroxonol, 747 
Dimethylcoumarones, 29 
2,2'-Dimethyl-l , 1 '-dianthraquinon yl, 1 6. 

951, 988 

Dimethyldihydrorpsorcinol, 131, 045 
Dinicthyldiphciiyls, 31 
Dimpthylothylbenzonos, 29 

2,7-DimethyIfluorane, 7 17 
Dimpthylforniamide, 1053 

2.5- Diiiiethylfuran, 434 

4.6- Dimethylliydrindoiio, 29 
iV'jiV'-Dimethylindanthroncs, 912 3 
DimethylJndene, 29 
Dimethyliiidole, 730 

1,1 '-Dimethyl isocyaniiic chloride, 1148 

1 .2- Dimethyl-4-isopropylbonzonc, 29 

1.3- Dimethyli8oqu incline, 30 

2.6- Dimethylnaphthacenc, 31 


Dimethylnaphthalenes, 26, 30, 39 
3,3'-Dimpthylnaphthidine, 131 
Dimethyl phthalato, 141 
Dimethylpyridines, 28 
Dimethylqiiinolincs, 30-1 
Dimethyl sulfate, 204, 601 
Diniethylthiacarbocyanine iodide, 1157, 
1162 

Diincthylthiophene, 28 
A^JV-Dimethyl toluidines, 99, 720 
3-(/3,j3-Dimcthylvinyl)-2-hydroxy-] , 1- 
naphthoquinone, 801 
Dinaphthocarbazole. 1105 
I)i-0-naphthol, 116, 949 
Dinaphthyl, 949 
Dinaphthylamine, 90, 72S 
1,1 '-Dmaphthyl-8,8'-dicarboxyli<‘ acid, 
956 7 

2,2'“Dinaphthyl sulfone, 56 
1, 1 '-Dinaphthyl-5,8, 5', 8 -totracarbo\ 3 'lic 
acid, 958 

2.4- DinitroacptaniIidc, 107, 101)9-70 
Dinitroanilines, 75, 107, 211, 413, 039, 

on 2. 014, 1330 

Dinitioanilme sulfonic acid, 187, 639 

3.5- nuntroanibole, 123 
Dinitroanlbraquinonca, 77 8, 91, 826, 

835, 839 

4.8- njnitroajithrariilin, 801, 807 

4.8- Diniiroanthruru(in-2,6-disulfonic 

acid, 848 

2.4- Duiitrobenzaldch>de, 135 
Dinitrobcnzenes, 70-72, 16, 53, 05, 79. 

87, 106, 218, 330 

Dinitrobenzenca70-/3-imphthol, 701 
Dinitrobenzoic acid. 90. 140. 194 
Dinitro-o-crcsol, 105 
4,4'-l)initro-l ,l'-dianthrimide, 895 
9,9'-Dinitro-3,3'-dil)enzanthronyl, 967 
Dinitrodibcnzy] di.sulfonic acid, 631 
Dinitrodiphenyl, 49, 133 

2.4- Dinit rodi phenyl am ine, 7 5 

2.4- Dinitrodiphcn>lamino-2'-carboxylic 

acid, 407 

2,2'-Dinitro*0,6'-diphcnyldjphonyl, 948 
4,4'-Dimtrotiiphenyl disulfide, 198 

2.4- Dinitro-4'-bydroxydiphonylamine, 

102, 1061, 1005, 1074, 1076, 1081 

2.4- Diiiitro^A"-methylanilinc, 107 
Diiiitro-2-methylaiithraquinonc, 78 
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Dinitronaphthalenes, 76-7, 91, 108, 796, 
798, 1071, 1077-8 

2.4- Dinitro-l-naphthol, 76, 120, 165, 182, 

405 

2.4- Dinitro-l -naphthol-7-siilfonir arid, 

120, 182, 405 

2.4- Dinitro^l-nitranunoaiithraquiiioiio, 

94 

2.4- Dinitrophenol, 5, 118, 177, 181 

2.4- Dinitrophoiiol-6-sulfoiiic acid, 178 

1. 3- Din itrophonol hiazine, 786 

1.3- DiuitrophcnQxaziiio, 786 

2.4- Dinitrophciiyldiazoiiiuni cliloridc, 420 

2.4- Dinitrophonylhydrazinc, 75 

2, l-Dinitrophenyl pnipyl ether, 121 
2, l-Dinitrophonylpyridiniiiin chloride, 
1153 

ninitrophenylrhodunatc',. 75 

3.5- Diiiitrophlhalic anhydride. 832 
2, l-Dinitrosoresorcinol, 401 
DiuitrosostilbeiK* disulfonic acid «i28, 

131, 631 

631, 631 

Dinit rostilbenc disulfonic acid, 631 2. 634 
Dinitrotoluencp. 73, 87, 135 

2.6- Dinitrotoluene-l-sulfonic acid, 175 
Dioxanc, 206, 62 

Dioxazinc dye.s, 786 91, 1336, 1313 
Dioxy-G-a<‘id, 171 
Dioxy-J-acid, 171 

Dio\y-S-acid, 171, 492, 504, 527, 572, 606 
Diphenic acid, 164, 218 
l,5-Diphcnox3 anthraquinone, 121. 801 
p-Diphenoxyhen/onc, 358 
4, 4'-Dipheno\\ diphenyl ether, 358 
Diphenyl, 132, 2(i, 30, 39, 49, 1 10, 1266 
Diphenyl acoty lone, 1 286 
Diphenylaminc, 102, 83, 95, 405, 453, 
461, 470, 182, 641, 755, 791, 895, 
1062, 1096 

forniatioii of black dyes from, 1088 
Diphenylaiiiine-2-carboxylic acid, 103, 
1077 

Diphenylaminc sulfonic acids, 102, 724, 
1077 

9, 1 0-Diphenylaiithracene-l ,5-dicarbox- 
ylic acid, 985 
o-Diphenylbonzene, 1 285 
Diphenyl-4,4 -bis-diazoniuni boroOiio- 
ride, 225 


Diphenyl Black Base, 102 
Dipheriyl-4-carboxylic acid, 140, 884 
JVjJNf'-Diphenyl cyauoformamidine, 

1023-4 

Dipheriyl-4,4'-dicarboxylic acid, 888 
TV.AT-Diphenyl-A^ -(2,5-diethoxy-4- 
amino)phenylurea, 700 
Diplienyl disulfide dicarbovylic acid, 889, 
1032 

Diphenylcnc oxide, 26-7, 31, 39-40 
Diphcnylene oxide dicnrboxylic acids, 890 
Diplienylone sulfide, 31 
Diphenyl ether, 110 

Diphenyl ether 4, 4'-diearbox>lic aeid, 889 
Dipheijyl-4,4'-disulfonyl chloride, 1092 
Diphenyldodeeahexaene, 362 
«,/3-Diphcnylcthylaniiue, 859 
A^A''-l)lphen>l eth> lenediamines, 817 
Diphcnylfonnaniidinc, 1158-9, 1168 9 
Diphen^dguanidine, 451 
Diphenylmethane, 1122 
Diphen>Jniethanc dicarl)o.\ylio acid, 888 
Diphenylmethane dyes, 705, 1335 
1 )i pheny loctatetraone, 362 
I hphenj'J polyenes, 352, 372 

2.4- Diphcnylp>rrolo, 1199 

2.4- Diphon> Ipyrrole disulfonic acid, 1200 
A^A’^-Diphcnylthioacetam^de, 1 J 59 
Diphenyl thiourea, 1024 
Diphpnyl-2,4,5-tricarboxylic acid, 1137 
Diphenylurea and derivatives, 131, 1314 
2,2'-Diphthalimido-l,r-dianlhraquino- 

nyl, 989 

1,2,5,6-Diphthaloylanthraqiiinone, 970 
Diphthaloyl-benzodiazubenzanthrenes, 
944 

Diphthalo> 1-p-phenylenediamine, 1070-1 
Diphthaloylthioxanthene, 1111 
Dipole moments, 339, 370-1, 375, 1293, 
1319 

Dipyridinoanthanthrone, 1000 
3, 4'-Diquinolyl, 1147 
Direct cotton dyes, 5, 7, 271, 277, 281, 
286-7, 476, 479, 509, 520, 544, 618, 
786-91, 847, 1204 92, 1326, 1329, 
1332-3, 1312-4, 1347, 1351 
Disazo dyes, 495 -520 
Disinfectants, 38 

Dispersed dyes, 274, 639-46, 803-12, 
1326, 1344 
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Disperaols, 296, 539, 87b, 879 
3,5-Disulfobenzoyl chloride, 694 
Disulfonaphthylmethane, 866 
Dithiocarbamic acid, 1054 
Dithioglycohc acid, 1076 
Dithio-d-isomdigo, 1006 
Di-/>*ioluidinoanthraquiDone, 837 
1 l-Di-p-toluidino-5,6,7,8-tcti ahydt o- 
anthraquinonc, 860 
Di-m-tolylaminc, 81 
Di-o-tolvlguanidine, 451 1208, 1305 
Di\ nnadyl trisiilfato, 868 
p-l>odecylaniline 101 
Doebner-Miller reatlion, 1197 
Dounan nuinbrano oquilibriuni, 1 iOO 1 
Dn-Sol process, 250 
Drohoronc 801 
Dunn lone 802 
Duialuis 1105 
Duianol colois S03 
Duninol inhibitoi GF 817 
Dureno 29 132 
Durcnul, 30 
Duroqiiinone, 870 

D>eing 248 50, 277 88, 1310 Sec ilso 
under d>os of \anous cla^^bcs 
Dyeonioter, 1351 

Dyes substantive to cellulose, constitu- 
tion of, 1273-97 
Dvc-tiuls, 276, 1345, 1349 51 

Eabtone dyes, 614 

1 chmochrome A, 801-2 

Einstem law, 1213 

FJbs persulfate oxidation, 741 

Klectrons as quantized oscillatois, 3 IS 

Flectrophorcfaib, 1322 

Linbcdin, 709 

1 Emerald me, 777-8 

Eniodin, 831-2, 1324 

Fniulphor, 670, 738, 1120 

Jiinc rgy levels and light absoi p tion, -111 I 

Entropy, 1271 

Epichlorhydrin, 182, 208, 601, (>12, 856 
Epsilon (e) aeid, 453, 538, 545, 517 571, 
626, 1322 
Ergan dyes 8, 534 
Erganil dyes, 541 


li^tradiol, ebtnol estrone, 1323 
Lthanolamines, 206, 229, 809-10, 817 
Ethoxazene, 494 
/S-Ethoxy acrolein acetal, 1163 1 

2- Ethoxy-Clcvc acid, 574 
/3-Ethoxveth> 1 hydiogen sulfate, 865 

3- Ethoxy-4'-nicthyldiphenj lamme, J 35, 

727 

4- 1 ithox> -AT-inethy Idiphenylaiume, 1176 
4- 1 .thoxy-AT-ni et I13 Idiph enylaniine-4 

aldehyde, 135, 1171 5 
t-lithox> -A -methYldiphcnylaniine-4'- 
carboxylic acid, 730 

2-1 tho\>naphthaleno-()-sulfonic acid, 189 
2-Lthoxy-l-naphth>lainjne, 673, 599 
2-1 thoxy- l-n Aphth> Iumine-6-sulfonic 
acid, 121, 128, 54b-7, 573, 578 
4-Lthoxyw)-phenylenedminine, 1 102 
p-l.thoxyphenv l-or-naphtli> lamme, 72S 
730 

4- 1 wthoxy-m-toliiidme 642 
Lth>I acetate, 20^ 

lAh^l icetoacetate 205, 655, 854, 1202 

1 thjl V-acetvlnnthriinilntc 146 
lAhvl p-anunobenzoate 140, 218 
2-JAh>l 1111 mo-p-r resol 180, 746 
J.thyl 3-aniino- 1-mel hox\ phenyl siilfonc 

t »()0 

2 I th\laniino-5-nietJivla7obenzene-4'- 

sul tonic wnd 765 

1- J th\ lam inonaplit half ne-8-sulfoni( 

at 1(1, 10(>0 

m-1 Ihvlammophcnol 752 

2- 1 Jin laimno-5-snliobenzoi( acid, 229 
1 thylairunotolimlinis, 100 210, 1073 

I Jhj I 2-aniincv4-tTinuoroineth>lphrn>l 
sulloiu, ()60 

Jh>lautlira(iumono, 161 124 

5- \-Lthylben/ainido-o-toluulme, 48 1 
2-1 thylbe nzanihrone, 061 

I thylben/cne, 26, 28, 48, 161 
Lthyl benzoate, 719 
2-Ethy]l)€nzothia/ole nuJhiodule, 1162 
I Jhyl bioniicje, 98 
A^-JJhylearbgzole, 730, 787 
A^-lJhvlcarbizole dicarboxylic acids 8*M) 
iV-Kt hyl c ai bgzole-indophenol ,1104 
Ethyl chloroOaibonate 96 
Lthyl cyaiiogc etate, 1207 
Ethylene, 206, 203 
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Ethylene broniohydrin, 206 
Ethylene chlorohydrin, 206, 1016 
Ethylencdiamine, 553, 695, 1342-3 
Ethylene dinninodiacetic acid, 229 
Ethylene glycol, 206, 266, 673, 1342 
Ethylene glycol iiionophenyl ether, 207 
Ethylene oxide. 101, 206, 67J, 856, 1016 
Ethyl formate, 7 42 
Ethyl hydiogeii sulfate, 865 
TV^-Ethyl-A-hydioxyethy I aniline, 101, 640 
A^-Ethyl-AMiy(lio\yeth>l-w-toluidine, 

101 

A’'-Eth 3 lisfjlhioacetunilide, 1 161 
Ktliyl ketone, 136, 718, 722 
Ethvl malonate, S54, 1156 

3- l‘Alo liTiercapto-5 5-dime1h>l-2-cyclo- 

hex( ri-l-onc, 1180, 118.1 
5-Ethjl-3-ineth\ Iphenol, 29 
t)-Kthyl-2-iiief h> Ipj ridinc, 28 
\-Etli\ liiioipholine, 1053 
Lth\lnai hthalencs, .30 
A^-Eth>lnaj hthylainincb, 103, 488, 639, 
/22, 7S2 

Ethvl nitiate, 69 
Eth>l p-inliobenzoate, 140 
Ethyl ortlioformate, 745, 1150-1, 1156, 
1162, 1167 1169, 1171, 1199-1200 
Ethyl oxalacetate 205 
Eth\lo\uInte 882 
Ethylpheiiols, 2i) 

4- Ethyl pj ridiiie, 28 

A^- Et h} Irhodanine 1 1 SO- 1 
A’^-Eth>l-5 sulfoiinthianilic acjd, 1 17 692 
A’'-Ethyl-A-;j-8ulfol»en7\ Innihne, 726 
A'-Eth>l-A -'^ulfobenz^ l-//#>t<)luidine (>39 
726 

Eth>lsulfon>l chloinle, 200 
Ethylbulfuiic acid, 661 
l^thyltoluench, 28, .35 6 
A’'-Ethyl-toluidiiu>. 100 102, 98 17.3, 

236, 713, 71.5, 791 

iV-Kthyl-o-tohndinc-4-sulfonic acid, 173 
Ethyl-?/?-tol> Itaurinc, 726 
Af-Ethyl-2,5,6-TnincthyU)en/otbiU7ole 
ethosulfate, 1159 

Ethyl triihioorthoforinate. 1152, 1158 

Eulan CN, 7.39 

EurhodincF!, 765 

Eurhodols, 765 

Eiixanthone, 435, 740 


Evaluation of dyes, 1345*52 

Eye, the human, and color \ibion, 313 

F 

F-Acid, 108, 192 
Fadeoincter, 296, 1211 
Fadjngofdycs,296,474, I210-.5, 1219 28, 
1241 

Fanal colors, 711, 737 8, 752 
Fanal Salt, 739 

Fast Eases and Fast Salts, 83, 106, 120, 
659-688. 671, 685-7, 600, 693-4 
Fast Black 14a'*es, 131, 665 
Fast Blue Base 11, 775 
Fast Blue Bases, 120, 129, 228, 232, 234, 
236, 460. 665 

Fa**! Bordeaux BD Base, 663 
Fast (^inth LB Ba^JC, 665 
Fast Golden Orange GR Base, 662 
Fastness tests and standards, 295 9, 477, 
1210-2 

Fast Orange LG Base, 663 
Fast Orange RD Base, (>8, 660 
Fast Red Bases. 73-7, 84, 106, 12 4 
175-6, 222 226, 66.3, 700 
Fast Salts, stabilizing agents for, 223-7, 
661 

Fast Seal let Bases, 83, 106-7, 121, 181, 
242, 300. 662 3 
Fat-soluble dyes, 300, 764 
Feigl’s reagent for ’?iher, 1176 
Fei rneutatioii vat, 285, 1045 
Fibergl.ss, 2(>6 
Fibroin , 4>17 

Fiseher indole s> nthesis, 1 169 
rixauol, 600, 672, 1135, 1273 
Fla\anones, 742 
Fhuantbnne hydrate, 991 
F)a\Hnthriiiol, 991 

1 iavanthrones, 6. 861, 9.42, 937. 941 951 
987-93, 1234. 1247 8, 12.50 1 
Flaviridine, 1015 
Flavones. 740, 7 42, 1331 
FlavonoK 741-2 
Flavopiirpurm, 818-20, 825 
Fluoboiie acid, 661 
Fluorane, 7.34, 7 47, 7.50 
Fluoranthene, 25 6, 32. 41, 951, 987 
Fluoranthene dicarboxylic acid, 888 
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Fluorenc, 26-6, 31-2, 36-41, 219, 1316-6 
Fluorenone, 219 
Fluoresceins, 734, 743-*4, 1241 
Fluorescence, 42, 170, 1215-7, 1252, 1313, 
1339 

Fluorescent dyes, 300, 643. 747-52, 780, 
973, 999, 1054, 1207, 1251 
Fhiorindine dyes, 773, 1290 
Fluorine compounds, 8, 68, 602, 888, 910, 
915-6, 925, 944, 1018, 1037, 1221 
Fluorolicnzene, 65, 218 
p-Flurobenzoic acid, 218 
Food colors, 301, 7 18 
FormaldeKwle, 201, 596 601, 669, 706, 
730, 745-6, 758, 865, 938, 943. 
1150^1, 1204 

Formaldchyde-bisulfite, 637, 1074 
Formaldehyde, dyes treated with, 597-9 
Formaldohyde-sulfoxylate, 290, 689, 765, 
876, 878-9, 1004. 1016, 1045, 105(i. 
1334 

Forniamide, 204, 1150 
Formaniidoxime, 1150 
Formic acid, 605, 692 
Formosul G, 290, 294, 1312-3 
5-Formyl-2, 4-diphenyl pyrrole, 1 200 
Freund acid, 187-8, 504 
Fried el-Crafts reaction, 163 1, 166, 

953-4, 986 

Fries reaction, 1 12, 955 

Fuchbinc, 708 

Fuch<«onc, 733 

Fuehsonc-imine, 707 

Fulvene, 392 

FumiRatm, 800 

Furan, 202, 218 

Fur dyes, 1195 

Furfural, 202, 1072 

Furfurylamiijoacctic acid, 229 

Furoic acid, 202 

1 -Furoy lam ido-7-naph thol , 1 203 

Furreinb 1 1 95 

G 

Gabriel synthesis, 142 
G-Acid and G-salt, 168 9, 171, 422, 461, 
483-4, 487, 499, 611, 517-8, 538, 591, 
1302, 1322-3 

Gallacetophenone, 328, 796 


Gallamide, 784-5 

Gallic acid, 741, 749, 785, 825, 831 
Gallobcnzophenone, 796 
Gamma-Acid (7-Acid), 195, 183, 426, 
450, 463, 465, 474, 477-8, 483, 490, 
499, 603, 505-8, 511-2, 514-5, 527, 
570, 572 -3, 575, 577, 579, 591-2, 694, 
696 9, 605 6, 626, 1221, 1321 
Gammexanc, 65 
Gas fading, 816 
Gattermann reaction, 220 
Gent) sin, 740 
(Jermanin, 191-2 

Gilbert-Ridoal equation, 1299, 1301 
Gix, 65 

(Uucaminob, 229 

(llutaconaldcbyde dianil liydrochloride, 
1153, 1164 
Glutaric acid, 203 
Gluten, 1003 
Glycerol, 208, 755, 8r>7 
( 1 ly cerol-« . 7-d ichlo roh vc 1 r 1 n , 209 
Gl> c(*rol-cr-Tnonochlorohydrin 838 
Gl>o\al, 91 4. 986 
( 1 ly oxy 1 idenc-b is-a n t hi one , 986 
Gossypol, 251 

Green-Clavton scheme ol identification, 
1332 15 

Guaiacol, 30, 11 (1, 731 
Guaiacol ben^ate, 139 
p-Guanidylbenzciicbulfonic acid, 229 
Guru trugasol, 876 

H 

Il-Acid, 190 1. 5. 16, 58, 64, 152, 183, 
235 6, 410, 426, 451, 153 1, 456, 
460 1, 165 6 169, 471, 475, 477, 

483, 188, 195 7, 501, 505, 507. 513-5, 
531, 571-3, 576 9, 585, 587, 591, 594, 
620, 1208, 1278, 1280, 1322, 1328 
Haematcin, 742 3 
llaematoxylin, 742 
lialochrornisirn, 320 
flalogcnatcd indanthroiics, 939-42 
llalogcnatod indigos, 1018r-20 
linlogcnation, 64 9 
Hammett ^s hilc, 1222 
Hansa colors, 702 
Heat of dyeing, 1271 
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Heavy or creosote oil, 2(5, 315, 
Helianthrone, 

Helindone dyes, 155 
Helminthobporin, 832 
Hcmicyanines, 1172 
Hemimolliteiie, 28 
Hemin, 1120 

Hemoglobin, 553, 1011, 1121 

Henna, 800 

n-Hcptane, 44 5 

Herter’b reaction, 150 

Herz reaction, 1027, 1033, 1099 

Hesperidin, 742 

Heterocyclic anthronc' derivatives, 987- 
1002 

Ilcxadecyl 2-liydio\y-3-naphthoate, 149 
Hexahydrortavanthrone, 991 
Hexahydroxyanthraquinone, 827, 835 
Hexaniethylbcnzene, 304 
Hexamethylenediainine, 203 
Hexaiiiethylenetetrainine, t)7 1 
Ilexaniniinocdlialtic chloride, 553 
'l-ti^-lTexylresorcinol, 1 1 2 
Ilinsberg reaction, 9() 

History of the synthetic dyes. 2 10 
Hoesch reaction, 112 
Hofmann rea<*tion, 980 
Homocatechol. 30 
Homocyclic quinones, 983 7 
Homolka s Base, 708 
Hooker perinaiigaiiate oxidation. 801 
Hydrazine, 180, 897, 979, 1207 
2,2'-Hydrazoanthraquinone, 932 
Hydrazobeuzene, 120, 128 
Hydrindeiie, 28 
Hydrocellulose, 1057 
Hydrogen bond. 335, 41G, 424, 426, 140, 
445-6, 081, 821, 828, 850, 933, 1010, 
1215, 1258, 1262-3, 1271 2, 1274, 
1277 8, 128;i 1, 1289-91. 1293, 1297, 
1302-3, 1318, 1321 2 
Hydrogen peroxide, 1017, 1211, 1243, 
1342, 1318 

Hydroquinone, 31, 114, 153, 116, 741, 797 
Hydroquinone ethers, 120 

o-Hj'^droxy acetanilide. 604 
o-Ilydroxy acetophenone, 741, 743 
JV“Hydroxyalkylanilines, 101, 640-3, 647 
JV-Hydroxyalkyl-ia-phcnylenediamiiie, 
599 
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2-Hydroxyanthracene-3-carboxylie acid, 
150, 160, 652 3 

Hydroxyaiithracenes, 31, 117, 150, 158 
H-Hydroxyanthranol, 829 

1- Hydroxyanthraquinone-2-aldehyde, 

898 

2- 1 lydroxyanthraquinonc carboxylic 

acids, 160 

llydroxyanthraquinones, 117, 324, 735, 
821-2, 828 -9, 1324, 1339 
llydroxyanthraquinones, naturally oc- 
curring, 830-3, 1321 

Hydroxy azobenzenes, 409, 415, 438, 

443-5, 479 

o-Hydroxyazo com]K>unds, 556-65, 1321 
?w-llydroxybenzaldchyde, 136, 715 
Hydroxy benzaiithrones. 961, 964, 970 
o-Hydrox\ benzciieazo-/3-naphthol, 561 

3- II^,diDxy benzidine, 601, 621 
2-Hydro\y-l',2'-ben/ocarba/ole-3-car- 

boxyhe acid, 151-2, 052 
Ilydroxybenzoic acids, HI, 433, 438 9, 
821 

Hydroxybenzyl alcohols, 867, 1203 
Hydroxycarbazole carboxylic acids, 151, 
652, 657 

2-H> droxycarbazole, 151, 433, 657 
2-Hydroxycarbazole-7-8ulfonic acid. 133 

2- Hydroxycarbazole-3,5.7-trLsiilloiiic 

acid, 151 

o-Hydroxychalkone. 741 
7-Hydroxy couinarone. 30 

3- Hydroxydibenzofuran, 150, 433. 658 
3-Hydro\ydibenzofuran-2-carbo\ylic 

acid, 150, 652, 658, 697 

3- nydro\ydibenzothiophene-2-carbox- 

ylic acid-o-ethylnnilide, 691 
e-Hydroxydibonzojlmethane, 711 
Hydroxy diinethj laminc, 856 
Hydroxydiplienylainines, 103, 1074, 1094. 
1097 

4- H\ droxydiphcnyl-3-carboxylic acid, 

151 

2- Hydroxy diphenylene oxide, 31 

3- Hydroxydiphenylenc oxide, see 3-hy- 

droxy diben zof u ran 

Hydroxy diphenyls, 31, 111, 132-3, 265, 
850 

w-IIydroxyemodin, 832 
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2-/3-Hydroxyothy]aniino-8-iiuphthol-B- 
sulfonic acid, IBS 

A’-^J^hydroxyothy lain lino, 101, 101 S 0 
AT-jS-hydroxy ethyl ethylenedianune, 817 
^Hydioxyethylsulfoiijc acid, 207 
Hydroxy flavoncs, 435, 7tl. 1300 

2- Ilydrox> fluorcnc, 3 1 

3- Hydrox3 fluorone-2-cai 1)0X3 lie acid, 007 
I^yd^oxyhyd^lndcnc*^, 30, 422 3 

2- IIydro\y-3-iodoanthraquinonc, 822 

3- H3'drox3'jUKlone, 801 
IIydiox3laiion, 108 17 

2- Hy di oxy -IVinet 1 K)X3 a n t h I a qu 1 none, 

*830 

3- H3 ilroxy-3'-mcthox3 1 cnzidine J 20. 

547. bOt 

1- H3 droxy - l-mt‘thox3’napht halcne, 1 1 05 

3- nydrox3-2-iTicth3 Linlhiaquinono 831 
y)-H3"droxynietli3lcncaiiiliiic, lObO 

2- TIydro\3 -3-inotln 1-1 , l-naphthoqui- 

nonc, 801 

4- Hydro\y-A’-nictli3l-2-qumol<)nc 1 17 
H3'droxynaphthanilKlch 222 130, (>50 
8-113 drox\-(l 2)-naphthirnida/(»le 237 
H3drox\ naphthoic acids 10, 1 15, 1 18 52 

222, 271 281, 48b 7, 518 btO 2 
050 2, 055, 070, I0b7 

2- H3 droxy-1 -naphthoic acid-O-sulfonv 1 

chloride 100 

Hydro\ 3 naphthoquinones ,5b 1, 800 

5- Hy’droxy-l , l-naphthoquinone-3,b-di- 

siilfoQic acid, 70S 

4-H3 dro\y-4'-nitroazohcTi/cnc, 3 15 

3- H3"droxy-4-nitroho<Iief 83 lanilim*, 782 
2-Hydroxyphonanthicne. 32 
a-IIydroxyphenazine, 700 

0- n3'droxy phenyl benzyl ketone, 7 12 
p-Hydroxyphein lKl3'cme, 180 
A'-p-Hy(lioxyphen3d-j3-naphthyhinnne, 

1082 

p-Hydroxyphpn3 Iphthalide, 8()7 
ra-l I3 droxy phciiy I-p-tolylaiiiint', 1 03 

2- 7-IIydroxypropoxyanthniquiiione, 813 
Hynlroxypyrene, 0 18 

3- Hydroxyqiiinaldinc- 1-carl )oxy lie acid, 

1108 

Hydroxyquinolines, 170, 210, 528, 544, 
575, b05, 733, 1332 

1- IIydroxy-7-siilfo-2-naphthoic acid, 733 


2-IIydrox3M)-8u]fo-3-naphthoic acid, 150, 
152 

2-Hydroxy-p-toluio acid, 831 
I-H3 droxy- l-p-tohndinoanthraquinone, 
821, 810 

5-Uydroxytrimcllitic acid, 1 15, 753 1 
Hvdroxytiimellitic anh3diidc, 753 1, 
1100 

8-Hydro\v-l,4,5-tnsl>en/amidoanthiH- 
qiiinoiio. 888 
H> porchroinic effect, 312 
1 13 percon j iiRat ion , 347 
IhqjochioniK eflett 312 
lUsta/ann iiiononK*th3 1 ether, 830 

I 

Ice coloi s, ()50 

IC3I dyes 178 

Identihcation of dves 1301 1332 10 
Identihi ation ot dves on the hbci, 1310 5 
IpCepals, 207 
lg«*I)on^, 207 8 
liiiida/ole fioni J-acid, 501 
Tnudanile from naphthaln anh3dti(le, 
118 

liuidu/ole fioin 2-iinphth3 hiinine-5,7-di- 
sulfoijic acid, 105 
1 2-Linida/oloanthra(pnnone, 852 
Iniinophthalirnidc, 1 131 
Imniedi.ilsols, 10S(» 

Imlaniines, 324 5, 7(»2 I 
liuhinthiene A, H, (\ 037 
Iiidanthroiie, 8bl, 8b0, 871, 032 S 
Indene, 25 b, 28, 3f), 10, 050 
Induan, 1003, 1007 

Indiealois, 301, 35b, 730, 730 7, 718, 
7(>3, 705, 7b0, 703 1 
hidigo Blown, 1003 

Indigoid and ihioindigoid d>r's, 1003 
1045, 1220, 1333, 1330 7. 1312, 1310 
Indigohols, 89, 811, 1031, 1015-58, 1205, 
1331 

liidoan limes, 7b3, 1202 

Indoeai boeyaninc's, 1 1 (»0 

Indole, 20, 30, 433, 718, 720, 1004, 1008 

Ind«lp-3-cailK)xylic acid, 730 

]ndoh'-in(lig(]tf», 1007 17, 1030 40 

Indoleiimc, 133 
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2- Tndole-2'-thioiiaphtben('jiidif(06, J005, 

1021 ) 

3- Indolo-2'-t hionapht hoiiPi ndiKos, J 040 
Iiidopheriiii roartioii, 1023 
rndophonols, 325, 703, 1001 2, 1102 1), 

1202 

Indoxyl, 1003, 1007 0, 1013 15, 1017, 
1022, 1025, 1030 
liidoxylic and, 1000, 1011 
liiductivo pfTocts, 337 
Indidino8, 700, 773 5, 1338 
Industrial or(i;anizatinn, 10 IH 
IrifraTod spcotra, 332, 1153, 1103, 1288, 
1303, 1318 
Ingrain dyt*s, 3 
Insulating gioup^, 358 
Jntori''itu'r C'lha, 170 
Intonsitirs of a1>*^oipfiun bands. 300 
Intrasolsan IIS, 1120 
Invadino H, 50 
lodinin, 770 

lodoali/annM, 822 

/>-Indiminlin(\ 217 
«-Iodoanthrnqninoii<', 083 
2-Iodobonzotliia/olo alkiodido, 1151 
Todofluoic\s( nn, 718 

1- lodo-2-Tn(*11i>lanthiafpnnoiK*. OSS 

2- Iodo-3-nif rodip]ioii> 1, 048 
Ton-oxc'hango ( liroinatography, 1308, 

1331 2 
Irgafen, 433 

Iron coinploxos of azosalicjclir ands, 51)7 
Isai’cn, 730 

Isatin, 730, 010, 1008, 1022 24, 1037, 
1030 10, 1220 

lsatin-a-anili(U* (Isaf in-2-anil), 0, 1022 1, 
1020 30, 1037. 1041-2 
Isatin fhloridc, 1008, 1030, 1011 2 
Isatinic and, 1015, 1023 
Isalin-d-iinido, 1024 
Tslandinn, 832 
Isocyanines. 1147 8 

Isodibenzanthrone, 0, 875, 050, 058, 963, 
074r-6, 1202 
Isodurene, 20, 132 
Isoilavones, 740. 712 
Isoliomoeateehol, 30 
Isoindigo, 1006, 1012 3 
T son i t rosoa eet an i lide , 1023-4 
Isophorone, 86 


Isr>phthalic acid, 67, 143, 884, 886, 1245 
Isoprene hydrohromido, 800 
Isopropyl alcohol , 43, 203 
2-Isopropylainino-7>-rrcsf)l , 1 80 
A"-Isoprop> 1-o-toluidine, 1 80 
IsopseudocMunonoI, 30 
Isoquiriolino, 26, 30, 37, 1111 
Isoviola nth rones, 138, 058, 074 7 

J 

J-Aeid, 103 1, 7, 10, 00, 152, 183, 427-8, 
453, 476 8. 403-1, 400 500-2, 505-8, 
510-3, 510, 530, 510, 571-3, 575, 
577 8, 582, 585, 587 S. 501 4, 002, 
004, 006, 1221, 1272, 1278, 1288, 
1321 

J-A<‘id thiourea, 408 

J- yid urea, 104, 518, 580, 1288 

Jugtone, 800 

Jute. 253, 287, 490 

K 

K-And, 101. 100, 51 1 
Kaeinpferol, 1003 
Kataiiol, 278, 703, 1175 
Keratins, 257. 1200 7 
Kernievu* arid, 8.3.1 
Ketene. 205 

Q-Ketopiopald(‘h> de, 130 
Koih VcMd. 100 1. 10. 107, 171 
Kodaehionie multihi>er process of color 
photography, 1202 

Kolbe-Sehmitt reaction. 137 144, 150 1 
Kry ptoevuninos. 1147, 1150 
Krypton configuration 552 

L 

Laccaie acid, 832 3 
L-And, see o\y-L-acid 
Laequer eolors, 1208 
Laetoflavin, 85 

Lakes, 209, 404, 487, 710, 736. 1334, 1338, 
1310, 1343, 1345 
Lainbert-Beer law, 310 
Lana^d dyes, 535 
Lanoc CN. 730 
Lapachol. 800 
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Lapinone, 802 

Laurent Acid, 186, 81, 115, 182-3, 188, 
485, 498, 504, 532, 543, 572, 605 
I^wsone, 800 

Leather, dyes for, 298, 475, 543, 758>60, 
775. 781, 791, 1209 

I^pidine alky] halides, 3, 1111, IIP), 
1151 2 

Leuco compounds, 272 
Leuco-l,4^ianiinoanthraqii]]iono, 836 
Ijeuco-indamines, 762 
Leucoquini/arin, 94, 104, 815, 830, 849. 
859 

Loucorosaiuline, 708 
r^iico-l,4,5,8-tetrahydio\yanthiaqui- 
none, 819 

Leucotrope W, 879, 1018 
Levelling tests for dyes, 1350- 1 
Light absorption and geometry of mole- 
cules, 362 
Light 

degradation of cellulose by, 862, 870, 
874-5, 996, 1228 41 
fastness to. 290, 1210 27, 1233 
selective absorption of, 308 10 
Light oil, 26, 33 5 

Light-tcndeimg activity of d>es 1228 52 

JJssolamjnes, 295, 879 

Lithol colors, 702 

I^dge-Evans process, 1086 

liogwood, 743, 1341, 1344 

Lomatiol, 800 

Lovibond system, 319 

Lovibond tintometer, 321 

fiOW temperature carbon i7at ion, 42 

Liicidiii, 8.31 

Ludigol, 875, 998 

Luminescence, 1207, 1215-7 

Luminescent dyes, 1207 

Luminol, 1207 

Lumogen colors. 300, 1207 

Lutidines, 20, 28 

Luvicin, 39 

Lycopene, 373 

M 

M-Acid, 188, 427, 478, 505, 513, 597, 1321 
Maclurin, 740 
Madder, 830 


Maesaquinone, 799 
Magnetic anisotropy, 1121 
Maleic anhydride, 203, 797, 824 
Malonic acid, 438 
Malononitrile, 1191, 1206 
Malonyl chloride, 946 
Medicinal dyes, 303, 494, 712, 749, 755, 
770, 782, 793, 799-800, 1185, 1320 
Mcerwein reaction, 219 
Melamints 681, 817, 1087, 1237 
Mcldola reaction, 783 
Menadione 155 

3- Mercaptobpiizanthrone, 1116 
Mercaptobenzothiazole, 1028, 1054, 1157 
2-Mercaptodiphenylamiiie, 1159 
2-Mcrcai)tomothylanthiaquinoiie, 1112 
m-Mercapto-/>-toluidme, 621, 1073 
Mereenzation, 252, 1263 
Merourochrome, 749 
Meiocyanines 385, 1175 S3 

Mesitoi, 29 

Mcsitylene, 2b. 28, 35 6, 48, 432 
Metabol WS, 879 

Metachiome colors and process, 283, 531, 
568 

Metal complexes, neutral dyeing, 540 
Metal-d}e complexes, 53*1 40, 551 60 
Metal-d\e-piotein complex, 507 
Metanilic ac 172, 16. 420, 462, 481, 
538, 5 14, *^72 3, 578, 588, 593 
o-Methox> acetanilide, 533 
p-Methovyazobenzene. 1311 
Methoxyben/anthrorics, 805, 970 1, 981 
6-Methoxybeiizo-l ,3-thiaza-2-t hionuini 
chloride, 1027 

?n-Metho\>ben/o\l chloride, 866 
6-Methoxy-2,l-naphtliisatin, 1031 

2- Mcthoxy-3-naphthoic acid, 429 

4- Mcthoxy-l-naphthol, 170, 1006 
4-Methoxy-3-nitrobcnzoic acid, 145 
4-Methoxy-3-nitrodiphcnyl sulfoiie, 201 
Methoxynitrotoluidines, 662, 693 
w-Mct hoxyphloracetophcnone, 741 
6-Methoxythioindoxyl, 1027 
Methoxytohddines, 120, 122-3, 663 
p-Methylacelophenone, 143 

3- Mcthylacetylacetonc, 438 
O-Methylacrldine, 434 
Methylamine, 104-5, 208, 1053 
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1- Methylaminoanthraquinone, 104, 805, 

839, 1318 

p-Methylaminobenzonitrile, 840 
Methyl /3-amino-n-butyrate, 809 

2- Methylainino-p-oresol, 746 
2-Methylaminonftphtha1one-7-s\ilfonic 

acid, 515 

2-Metliylamino-5-8ulfobpnzoic acid, 220 

1- Methylamino-4-p-toluidinoanthraqui- 

nonc, 854 

AT-Methylanilinc-w-siilfoiiic acid. 582 

2- Methylanthracono, 31, 113 
N-Methylanthranilic acid, 147 
2-Methylanthraquinone, 160, 7, 78, 

162-3, 897. 951, 977, 989, 1110-6, 
1216 

2-Methylanthruqiiiaonosulfonic acids, 
161, 857 

Methylbenzunthrones, 7, 959, 977, 

1114-5 

2-McthylV)enzimidazolc, 1072, 1190 
2-Methylbcnzo8olenazo)e, 1167 
2-Methylbciizothiazolc, 1154, 1156, 1164, 
1173, 1178, 1180, 1183, 1199 
2-Mcthylbenzo\azolc, 1156, 1167, 1109 
Methylcarbazolos, 32 
Methyl chloride, 203 
Methylcholanthrcric, 132 
Methyl coumaronos, 29 
iV-MethjldiphenyJainine, 102, 728 
Mcthyldiphcnylcno oxide, 31 
Methyldiphcnyls 30-1 
Methylcncanthione, 961, 976, 984 
Methyl<*nc Hhio aKsorption, 793, 1057, 
1228 

Methylfhiorones, 31, 1316 
*Y-Mothylforinanilide, 135, 1157, 1175 
Methyl formate, 204 
N-Methyl- 7 -acid, 195 
Methylglueamino, 843 
7 -Methylhe\oic acid, 867 

4- Methyl hydrindene, 29 
iV-Methyl-N-hydroxyothyl-ra-toluidinc, 
640-1 

N-Methylindanthronc, 942 

4-Methylindcne, 26, 29 
Methylindolos, 25-7, 30, 39, 433. 5l7, 592 
2-MethylindolosidfoDic acid, 581 
Methylisoquinolines, 30 
AT-Methyl-J-acid, 194 


2-(|9-Methylmercapto)yiny]benzothia» 
zole ethiodide, 1166 

Methylnaphthalenes, 26, 29-30, 32, 39, 
155 

1- MefhyI-2-naphthol, 423, 411 

2- MethyH, 4-naphthoquinone, 155, 443 
Methyl naphthylamincH, 103, 131, 486 
Methyl naphthyl ketone, 1038 
2-Methyl-l-nitroanthraquinone, 78, 897, 

912, 921 

5- Methyl-2-nitrobenzaldehyde, 713 
2- Me t hy l-5-riiitroben z i m idazole, 1 069 
2-Meth> 1-1 -nit ronaphthaiene, 1 3 1 

6- Methyl-2-p-nitrophenylbenzothiazole, 

621 

iV-Methyloxiiidole, 1200 
MethyJphenanthrenes, 31 

2- Methyl-3-phen>n>enzothiazoliiim 

iodide, 1159 

a-\fethyl-tt-phenylhydrazine, 98 
l-Methyl-2-phenylindole, 729, 1175 
l-Methyl-2-phenylindole-3-aldehyde, 
1171-5 

l-Methyl-2-phenylindoIe-3-carboxylic 
acid, 730 

A'-Methyl- V-phenyl-cjf-naphthylamine, 
722 

Mcthylphcnj Initrosamine. 98 

3- Methyl- l-phenyl-5-pyrazolones, 1 7, 

453, 487. 515, 517, 536, 538, 541, 562, 
590, 593-5, 612-8, 626, 631, 643, 696, 
699, 701-3, 732, 1 125, 1 177, 1 183 
6-Afethylquinaldine. 1197 
Methylquinolinoj*, 1150 
l-Mcthyl-2-quinolone. 1148, 1198 

5- Methylsalicyrlir acid. 139 
A"-Methyl sulloanthranilic acid, 692 
A"-Methyltaiirine, 208, 229, 692, 857 

6- Methylthioindoxyl, 1026 
Methylthionaphthene, 30 
Methylthiophencs. 28 

Methyl yMoJueiiesulfonate, 54, 971 
Methyl p-tolyl ketone. 29 
a-Methylvalerie acid, 867 
Methyl vinyl ketone, 960 
Metoi, 180 

Michler’s hydrol, 136, 365, 372, 396, 706, 
713. 718, 720-1, 725, 782 
Michlcr’s ketone, 136, 387, 705, 710, 718, 
721, 727-8, 739, 760, 1224 
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Microscopical stains, 208, 748, 765, 782, 
793 

Middle oil, 26, 33, 35 6 
Milling, fastness to, 250, 206, 471-3, 101, 
857, 859 

Mineral colors, 275, 1314 
Molten metal dyeing process, 873 
Monoaminopyranthrono, 008 
Moiioazo dyes, 180 05 
Monoben/>l phthnhitc, 867 
Monochloro-p-xyleno, 1031 
Monocinnainoy I-p-phenyleiiediainine, 
817, 12S9 

Monoetliyljiiiiliiie ainl dei natives, 16, 00, 
131 

Monoforiny l-nt-phen vlenodiamine, 108, 

r)06 

Monolito colors, 782 
Monoinethylaniline. 06 8, <)31, ()44, 720 
1015 

Monometh>l-o-toluidinc 706, 713 768, 
701 

Monopole Bnllmnt Oil, 1032 
Mordant azo d> es 523 50 
Mordant dyes, 272, 270, 28(> 523 50 
616, 710, 780, 1326, 1332 3, 1337 
1330, 1315 
Morin, 7 10-1 
Monndoiio, 830-1 
Morpholine 475, 607 
Moth-proolmg agenjs, 584, 730 
Mnnjistjii, 8.40 

Munsell system and Munsell tree 310, 
1210 

Miiscftnihn, 800 
Mustard ga*', 207 

N 

Names of commercial dyes, 18-9, 803 
Naphthaccne 31, 41, 1312, 1315 
Naphthalene. 0, 8, 24-9, 32, 36-9, 43, 
47-8, 60, 56, 68-70, 76 6, 137, 
139-40, 183, 323, 499, 504, 516, 613, 
678, 697, "744, 896, 946, 910, 954, 
1004, 1014, 1286, 13J3 
absorption spectrum of, 392 
Naphthalene di< arbo\ylic ncids, 148 131 , 
888, 91 1, 950, 958 


Naphthalene disulfonic acids, 60-8, 66, 
108. 170, 188. 226, 661, 716 
Naphthalene- 1, 5-disulfonyJ chloride, 67 
2- N apl 1 1 h alei ie-2^-i n dol e-uuli go , 1044 
Naphthalene monosulfonic acids, 56 
58 9, 116, 225 
Naphthalene oil, 34 

Naphthalene-1 ,4,5,8-tetracarbo\yJic acid, 

8, 148, 947, 1191 2 

N,i})hthnlene-l,3,5,7-trtrasuIfoiiic acid, 

58 

Naphtlialene tnsulfonic acnls, 58, 166, 
101. 235, 238 

Naphthalic add and .inhydiide, 148, 161, 

ns8 

N'aphtliahmide, I IS I ISO 00 
Naphthalo( yanines 1 124 
Nfiphthasiiltam 187, IJS7 
1 S-\Mphtliasult’n!i-2 4>disu]fonic acid, 

100 

Naphthasultone 167 
Naphthindenoiu* 017 
Naphthuideuone-6 7-dnMibi)\vli( acid, 

047 

Naphthiridolc*s (»15 

Naphthioiiif add, 52, 185 453 458, 160, 
175, 4Si, 487, 401, 105, 408, 500 
505 8 510 n, 515, 525, 530, 5 46, 
572, 57(» 7, 1258 1279 80, 1286 
2, 1-Naphthi^tin, 1022 
Naphtho-2',3'- 1 ,2-authinc cue, .*>2 
Naphthodiiba/oh' 1 105 
Naphlhodiaiithrone S()l, 083 1, 1217 
Naphthofurans, 31 
Xaphthoii acids, I. IS, 070 
<r-Naphlhol 115 17,25 31 101,100,112, 
165, 169, 402, 121 121, 112, 116,463, 
175, 1S3, 185 105 531 53t>. 538, 5 10, 
665 585, 764, 1011, 1125, 1202, 1317, 
1323 

/5-Naphthol, 115-C, 4-5, 7, 17, 25, 31, 56, 
81, 80, 103 4, 149, 167, 169, 182, 
213, 222, 271 402, 409. 413-4, 417, 
422 3, 427, 146. 153, 4(i2, 469, 483, 
485 7, 493 4. 190, 501, 505 512 3, 
517, m 2, 52<l-32, 535 41, 556, 559, • 
5G1 2, 59D 5, 598, 615, 618-0, 62;$ 
632, 638, 650, 670, 689 90, 699, 701, 
781,877.019, 949, 1071, 1221, 1317, 
1323, 1839. 1344 
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Naphihol OfiO 

Naphthol aldehydos, 654, 1044, 1207 
Naphtholation, 008, 072 
a-NaphtlioI (liHiilfonir acidH, 105-7, 405, 
480, 538 

/3-Naphlh()l disulfoiiio a<*ids, 17, 108 0, 
171, 710, 1321 

a-Naphthol monosulfonic acids. 17, 
105 0, 171, 183, 230, 480, 401 2, 527, 
629, 632, 330, 538 9, 578, 592, 002, 
010, 1280 

/3-Naphthol monosulfonic acids, 17, 

107 8, 183, 192, 103, 423, 501, 527, 
510, 519, 559, 1205, 1317 
Naphthol sulfonamides, 511-2 
2-Naphthol- l-sulfon-.V-carhoxymet hyl- 
an>ide. 334 

Naplitholsjilfonic acids, identification of, 
10!1 

2-Nflpldhol-O-sulfonylanthranilic acid, 
199 

2- VMphthoi-0-s\ilfon> 1-K-acid, 199 
flf-Naphthol tnsulfonic acids, 107, 171 
jS-Naphthol trisulionic acids, 109, 1208 
Xaphthonitrilcs 31 
Vaphtfiophena/ine, 1221 2 
d-Naphtho(juinaIdine, 1 199 

1.2- Naplitho<iuinonc-3-carho\ylic acid, 
919 

Naphtho(|uint)ne inonoMilfonic a<'ids, 150, 
785, 795 

1.2- Naphtho(piiiionc nioiiovimc, 551 

Naphthoquinones, 138, 111. 155 I5<». 

Hi3 4 112 3,901,1187 8,1222 
Naplithoresorciiiol 518. 1330 
Xaphthostynl, 957, 983 
XaphthostyriI-5-carho\> lie acid, 958 
Xaphthothiazoles, 1151 
l-/S-Naphtho\yaiithraq\iinoiie 980 
Xapliththioindo\.> Is, I03ti, 1038, 1041, 
1013 1 

Naphththioisatins, 1025 
o-Xnphthylainine, 89, 31, 52, 02, 95, 103, 
107, 1 15, 183 1. 217, 121, 428, 453 1, 
465, 470, 480 7, 189, 492, 493 7, 
500-4, 515, 521, 527, 571-7 500^2. 
697, 599, 002, 000, (»29, 032 4, 039, 
642, 050, 053, 000, 703, 708, 771, 
782, 923, 1078, 1317, 1321 2 


^-Xaphthylainine, 89, 31, 02, 80, 95, 103, 
108, 115, 156, 183-4, 217, 236, 422, 
453, 461, 470, 520, 532, 539, 556, 620, 
639, 653, 660, 853, 923, 1022, 1321 
a-Xaphthylarnine disulfonie aeid.s, 52, 79, 
186-8, 502, 1078 

/i-Xaphthylainine disulfonic acids, 15, 57, 
J68-9, 184, 188, 501 2, 504, 512, 
573-7, 580-1, 631 

a-Xaphthylainine monosulfonic ax-ids, 52, 
81, 115, 165 6, 182 -7, 463, 185, 501, 
519, 1067 

jS-Naphthylainine monosulfonic acids, 15, 
184, 192, 421, 453, 480-7, 502, 512, 
338-9, 500, fi33 

Xaphthylarninesiilfonic acids, 183-197, 
1322 

a-Xaphthylamine tnsiilfonu* acids, 10, 
^J71, 190 I, 190, 728, 1078 
iSf-Xaphthylaminc tnsulfonic acids, 193 4, 
190 

/5f-Xaphthyl h<*nzoatc, 139 
Xaphthylcncdianmies, 90-1, 709 

1 ,2-Xaplit h> lenediaininc-5-sulfonic acid, 
190 

A’-1-Xaphth>l ethylonediamino, 441 
^-Xaphth>l ethyl ether. 189 
Xaplithylhydra/ine. 008 
a-Nap!ithylhydrox> lain me, 52 
«-Xaphthylsulfaniic aeid, 32 
/5f-Xnphlhylthiogl\colic acid, 1030, lOdS 
rt-\aphthylthiour(*a (Antu), 89 
X:ii)htol AS, 7 S. 15, 148-9, 223. 242, 309, 
104, 030 704 
Naphtols. 

chemical constitution of, 031 
estimation of. 059 
for } ellow «»hades, 053 
identitication of. 1310 
preparation of, 033 
substiifit ivity of, 073 
Nekals, 59, 182, 1209 
Xeiicki reaction, 112, 790 
Neoeotones 091 
Neocyanincs. 1140, 1152, lltiO 
Neogpuoles, t»91 

Xeolan dyes, 8. 283, 335, 538. 502, 847, 
1333. 1313 
Xeolycopene, 374 
Xeoprontosil, 303, 494 
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Neotropin, 494 
Nerolin, 124 

Nevile and Winther^s acid, sec NW-Acid 
Nicotinic acid, 

Niet ski's rule, 325 
Nigranilino, 777-8 
Nigrosines, 775-6, 1338 
Nitration, 50, 69 '79 
Nitrazols, 106, 225, 6CD-1 

o-Nitroacetophcnone, 1008 
Nitro-acet-p-toluididc, 1070 

0- Nitroaldehydes, test for, 1009 
Nitroalizarins, 4, 822 3, 1347 
Nitroanilines, 105-6, 4, 17, 72, 86-7, 109, 

116, 131, 197, 210, 217, 221-2, 225, 
231, 233, 410, 413, 420-1, 432, 
438-40, 451, 453, 456, 460, 469, 
482-3, 492, 496, 502, 504, 510, 514, 
520-1, 524-6, 543-4, 565, 572-3, 576, 
581-2, 588, 590, 595, 597, 605, 
638-44, 647, 649-50, 653, 666, 945, 
1070-1, 1167, 1208, 1316, 1328 

4- Nitroanilinc-2-8ulfon-iV'-cthyianiUdc, 

199 

Nitroanilme sulfonic acids, 53, 107, 174. 

474, 485-6, 490, 495, 525, 571, 577 
Nitroanisidines, 17, 121-2, 222, 269, 485, 
491, 642, 654, 660 

5- Nitro-o-anisidinc-4-sulfonic acid, 174 
Nitroanisoles, 121 
3-Nitroanthrapurpurin, 828 

1- N itroanthraquinone-2-carboxylic acid, 

78, 152, 912, 915, 918, 923 4, 929 30 

6- Nitroanthraquinone- 1 -carboxj he acid, 

967 

Nitroanthraquinoncs, 77-79, 92 
Nitroauthraquinone sulfonic acids, 94, 
842, 902 

Nitrobenzaldehydes, 73, 134, 135, 715, 
759, 1009, 1068 

p-(p'-Nitro)benzamidobenzoyl chloride, 
629 

3-Nitrobenzan throne, 953 
Nitrobenzene, 69-71, 2, 3, 17, 79, 82, 97, 
161, 180, 339, 341, 707, 717, 775, 836, 
838, 868 

p-Nitrobenzeneazo-i9-naphthol, 226, 424, 
650 

5-p-Nitrobenzeneazosalicylic acid, 526 


Nitrobenzencsulfonic acids, 93-4, 104, 
130, 172, 661, 875, 879, 954, 998, 
1066 

Nitrobenzcncsulfonyl chlorides, 197-8, 
841 

2-Nitrobciizidine, 525-6 
Nitrobenzoic acids, 139-40 
Nitrobcnzoxazolonc, 177 
Nltrobonzoyl chlorides, 152, 181, 493, 
515, 547, 629 
Nitrobcnzoj’l-J-acid, 194 
p-Nitrobcnzoyl-p-phenylenediamine, 88 
w-Nitrobcnzo>l-P“phenylencdiainine sul- 
fonic acid, 019 
p-Nitrobciizyl cyanide, 1202 
p-Nitrobcnzylulene p-aiiiiiiophenol, 1069 
p-Nitrobcnzylidcneaiulinc, 105 

2- Nitrocarbazolc, 657 

o-Nitrocinimmic aciil, 1008-9 
Nitro compounds, 69 79 

chromatographic separation of, 1317 
estimation of, 1316 

6- Nitiocresidinc, 123 
wi-N itro-p-cresol, 1 1 9 
w-Nitrodiniethylamlmc, 100 

0- Nitrodiphcnylamincs, 103, 1316 

1- Nitiodiphcnyl-4'-carboxylic acid, 885 
Nilrodiphcnyls, 133 

Nitro dyes, 405 8, 1221, 1333, 1335, 1337, 
1345 

3- N i t ro- 1 , 2, 4 , 5 , 7 , 8-hexah> droxyanth i a- 

quinonc, 828 
5-Nitroindazolc, 219 

a-Nitronaphthalcnc disulfonic acids, 188 
«-Nitronaphthalene monosulfonic acids. 
186 7, 1221 

Nitronaphthaloiics, 17, 52, 76, 79, 81, 
89 

1- Nitronaphthalene-3,6,8-iribulfonic 

acid 190 

Nitronaphthols, 109, 165, 182, 420, 439 
Nitronaphthylamines, 76, 81, 107-8, 424 
Nitropheue^idines, 121-2, 660 
Nitropheneitoles, 121 

Nitrophenojs, 75, 79, 117-8, 163, 176,. 
180, 241, 325, 1071, 1078, 1082, 1316 

2- Nitropheliol-4-sulfonic acid, 177 

2-p-Ni tropheny lanthraquinonc, 899 

7- Nitro-j8-i^henylbu tyrophenone, 1 1 99 
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p^Nitrophenyldiazonium chloride and 
fliioborate, 218, 224, 420, 423, 425, 
434 

4-Nit ro-m-phenylenediamino, 107, 500, 
510, 520, 674, 677 

o-Nitrophenylpropiohc acid, 1008-0 
Nitrophthalic acids and anhydridch, 1 13, 
103, 832, 1207 

4- Nitrophthailinud<*, 1 13 

5- Nitro-2-propoxy aniline, 124 
Nitroresorcinols, 110 
Nitrosalicy die acids, 181, 415 
Nitro.soaci;toacet-0“ani*5ididc, 104 
Nitroaoliciizcnc, 125 0 
A^-Nitrosocarbazolc, 4 1 
Nitrosocresola, 1100 

7 >Nitrosodialk.vlaiiilincs 70, 00, 135, 733, 
704, 781-2, 784, 1020. 1035, 1310 20, 
1324 

JV-Nitrosodiphcnylaiume, 102 
5-Nitroso-2,4-diphciiylpyrrolc, 1 100 
Nitroso dyes, 401-4, 1333, 1335, 1338, 
1340 

.V-N itroso-N-mcthylaniline, 08 
a-Nitrosonaphthalene, 52 
Xitrosonaphthols, 182, 402-4, 553, 1220 
]-Xitroso-2-naphthol-(>-8ulfonic acid, 403 
iSitro&opliciiols, 17. 180, 241, 401, 1020, 
1062, 1073-4, 1077, 1070, 1102-3 
Xitrosorcsorcinol, 401-2 
Nitroso-R-salt, 403 
A'-Nitro- or A’-sulfogiianylurea, 229 
4-Nitro-2-siilfophenylmethyltaurine. 208 
Xitrototrahydronaphthalenes, 76 
2-Ni< ro-4-thiocyanoaniline, 012 
Nitrotoluenes, 69, 72-3, 70, 130, 135, 139, 
176, 1009, 1319 

Nitroiolucncsulfonic acid^, 5, 17, 73, 
130-1, 147, 173, 028 
Nitrotolucnesulfonyl chlorides, 197 8 
Nitrotoluidincs, 17, 73, 100-7, 181, 219. 

430, 571. 054, 000, 1071 
0-Nitro-o-t;Oliiidiac-4-hiilfonic acid 175 
Nitroxylenes, 73, 841 
Nitroxylidmes, 217, 002 
Noiit extile uses of dyes, 298 303, 880 
N Salt NS 11 (Ciba), 539 
NW-Acid, 17, 105. 183, 453, 409, 473, 
476, 483-4, 499, 501, 504. 507, 511 3. 


516, 518, 626-7, 529-30, 632, 572, 
692, 603, 627, 1280, 1286, 1317, 1310 
Nylon, 263-4, 287, 641, 880. 1329 

O 

Octal etraene 392 
Octylphenol. 519 
Oil- and wax-boluble dyes, 775 
Onchrome process, 283, 507 
Orem a dyes, 293 

Orthanilic acid. 402, 172, 484, Oil, 1221 
Oxacyariines, 1166 
Oxalacetic ester, 008 
4-Oxalainidoaiiiliiie, 592 
4-Oxalamidoaniline-2-siilfonic acid, 599 
O-Oxalamido-o-tohiidine-4-siilfonic acid, 
582 

Oxalic acid, 501, 508, 043, 726, 730, 755, 
783, 931, 1071 

Oxalyl chloride, 885, 919, 1010, 1022 
Oxalylindigo, 1010 

Oxauthrone (Oxanthranol), 158, 935, 960 
Oxathiacyaninc, 1150 
Oxaziiie d>es, 701. 780-91, 1324, 1333, 
1335, 1338-9 

Oxidation, 50. 133-4, 137 41, 143-5, 
147 8 153, 155-9, 104, 204, 206 
of leuco \at dyes. 874-8 
photochemical, of cellulose, 1228-52 
Oxidation colors, 271, 1195 
Oxidation-reduction potential, 154, 870, 
872, 875, 1184, 1242, 1249. 1251-2, 
1295 

Oxiiidole, 1008, 1173 

Oxycarbocyanines, 1167 

Oxycellulose, 437, 1057, 1235-7, 1251M)0 

Oxy-Koch acid, 512-3 

Oxy-Ii-acid, 106 

Oxynitration, 119 

Oxy-Tobias acid. 167, 192, 423 

Ozalid products, 235 

Oza plume, 238 

P 

]*ad-steain continuous dyeing process, 
870 

Palatine Fast colors, 283, 535, 538, 562, 
1333 
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Paper chromatography, 1326-8 
Paper, dyes for, 298, 706, 880 
Parammes, 1195 
Paranil A, 225 

Partition chromatography, 1308, 1329-31 
PeCe hber, 645, l2(Ki 
Pectin, 866 
PeUidol, 480 

Pentacarbocyanines, 1154 1164 
Pentacene, 371, 391 
Pentachlorophcnol, 113 
Pentameth>lbcn/ieno, coupling of, 432 
PcntaiiUirimide, 17, 894, 900 
Peregal O 295, 879 
Perezonc, 799 
Peii-acid, 1()(>, 18(), 95b 
Peiimidme, 4079 
Perinaphthiudancdioiie, 431 
Perkin condcn'^ation, 136 
Perlon L, 265 
Perlon Fast dyes 541, 808 
Permanent colors, 702 
Perminal 59 
Pornigruiiiline, 777 8 
Peiylenc, 12, 864, 950 075, 986 7, HI 5 
3,10-Pcr\lcneqmnono, 950 
Pery lcnc-3,4,9, 1 0-t ct rac arbo\ ylic at id 
and anhydride 8 950 1067, 1075 
1188, 1190, 1193 

Petroleum, aromatic hydrocarbons from, 
43 

Phcnanthraquinonc, 164, 10, 8f), 156, 769 
Phenanthrathiazole, 1157 
Phenanthrene, 26, 31-2, 39 41, 330, 1110 
Phenanthicne-9-carbo\ylic and, 219 
Phenanthridme, 31 
Phenanthridone, 32 
10-Phenanthrol, 446 
4,5-Phenanthryleneincthane, 31 
Phenazinc, 764 

Phenctidmes, 174, 217, 453, 458, 494, 653 
656, 721, 724, 753, 776 
p-Phenetidine-3-sulfonic acid 174 486, 
1033 

Phenol, 110-ir, 1, 2, 4, 17, 25-8, 32, 34, 
37-8, 43, 47-8, 53, 64, 70, 80, 83, 108, 
144, 155, 263, 401, 409, 433, 503, 
510-1, 515, 518, 571-2, 574, 579, 719, 
730, 733 4, 736-7, 741, 747-8, 850, 


854, 1062, 1077, 1082, 1091, 1102, 
1328, 1330, 1342 
Phenol-2, 4-di8ulfonic acid, 70 
Phenolphthalein, 301, 438, 734r-5, 747, 
1015 

Phenolsulfonophthalein, 357 
Phenol Bultonic acids, 172, 177, 510 
Phenoltetraiodophthalcm. 736 
Pheiiol-2 4 6-trisulfonic acid, 1301 
Phenothiarine, 102, 791 10% 
Phenovazme, 761 782 
Phenoxetol, 207 

1- (2-Phcnoxv)anilinoanthraqumone-2- 

carboxylic at id, 922 
1 -Pheny lam ino-T-na p h t ho l-3-^i i If on k 
acid, 530 

\-Phf nylanthrariilic acid, 147 
Pheny Ibenzaiithrone, 960- I 

2- Pheny 1-1,4-ben/oqumone 1 5 4 
\-Pheriylbenzothia/oles, 1159 
PheiuldKi/onium Huoboiste 218 
\-Phony I ditthanohnune 101 blO 
m-Phenylemdminint 87 1,5 17,72 222 

415 417 119, 150 451 156 465 6 
475, 477, 1S2, 404 5, 199 500 507 8 
516 

o-Phenvlencdiamine 8(>, 219, 417, 711 
714, 1187, 1192 1 

^-Pheiiylenediamine, 87 8, JOl 17b 211 
215 21^7211, 271, 401), 411 1, 417, 
451, 171 501 511 578 9 597 OM 2, 
Wl 711 711, 762 766 7 777, 791, 
810, 811 10.5<» 1070 1, 1087 1114 
1117 1195,1311 

ni-Phenylenedrimine-4 ()-disulf(»ni( at id, 
579 

m-Phenylenediainjne-4-siilfonic atid, 529, 
539 511, 696 

p-Phcnylenediamine sulfonic acid, 174, 
490, 503, 515, 790 
/^Phcnylethyl alcohol, 207 
/3-Pheny let hy Iphthahin ide, 1 00 1 
a-PhenylethybjS-bulfo-o-toluidine, 727 
AT-Phenyl-y-aiids, 196, 485, 491, 493, 5^3, 
574, 627, 1072 

Phenylglyeme, 6, 17, 61, 865, 1013 5 
Pheny Iglyciae-o-carboxy he acid 6, 1013 
4 

Phenylguanidme-p-sulfonic atud, 1057 
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Phenylhydrazine and denvativf^a, 51, 
167, 442, 607, 612-3, 865, 1238 
Phenylhydrazine sulfonic* aeuls, 607 8. 
611 

2-Phenylhydrazino-l-p-flulfohenzeric- 
azonaphthalenc, 1188 
Phenylhydroxylamine, 125 
Phenyl 4-hydroxy-l -naphthyl ketoiic', 137 
Phenyl isocyanate, 636 
iV-Phenyl-J-acids, 104, 427 8, 50a 2, 513, 
515, 530, 545-6, 549, 573, 602 3, 606, 
1072, 1281 

2-PhenylnaphthaleDe, 31 
A^-Phonylnaphthylaniinos>,[90, 103-1, 721 
1221 

A'-Phenyl-pcn-ac-id, 453, 187 488, 503 4. 
1078, 1221, 1322 

lO-Phcnylphenazoniuin chloride, 765 
1 -Phen> l-5-py ra7olonc-3-t‘aTbox> he ac id 
and derivatnes, 608, 611 2, 614 
Phcn>lquinaldiueb, 1199 
Phenylsclenogl> colic, acid o-carl)o\>lic 
acid, 1026 

A’-Phenyl l-;;-sidtobcii/enea7o-2-naph- 
th3lanniie, 1221-2 
Phon>Ithioglycobc acid, 1026 
9-Phenyl-l,2, l-trKhloro-3(10)-phc iio- 
thiazone, 1072 
Phcn>lurethnns, 1069 
9-Phcnylxanthcne, 741, 716 
Phlobaphcn, 743 
Phloraceiophroone, 7 1 1 
Phloroglucinol, 114, 235 7, 743 
Phocnicin, 800 

Phosgene, 4, 203, 514, 580, 582, 618 
Phosphomolybdic acid lakes, 7, 1225 
Phobphomolybdotungstic lako«c, 752, 
1175, 1225 

Phosphorescence, 121.6 
Phosphotuiigstic acid lakes 7, 1225 
Photochemical ibonioiisni, 1218 
Photodynamic pigments, 984 
Photographic desensitizers, 766-7, 1183 1 
Photographic prints on textiles, 234, 880, 
1058 

Photographic sensitizers 3, 7, 718, 1113 
85, 1201 

Phototropy, 640, 1217 
Phthalamic acid, 1 16, 1 124 
Phthalamide, 1118, 1121, 1121, 1131 
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PhthalciiL dyes, 69, 734, 743, 747-50, 
1333, 1335, 1337-8 

Phthalic acid and anhydride, 140-1, 6, 8, 
17, 36-7, 50, 69, 91, 93, 138, 146, 148, 
158, 160-3, 644, 734, 744^5, 747-50, 
823, 896, 924, 941, 986-9, 1004, 
1013-4, 1070 1 , nil, 1118, 1125, 
1128, 1131, 1197 8, 1222 
Phthahdene-acetic acid and anilide, 
1203«4 

Phthahmide, 9, 142, 1014, 1118, 1120, 
1124, 1128 

l-Phthalimido-7-naphthol, 531 
Phthalocyanmes, 9, 1011-1067, 1118-42, 
1281), 1296, 1336, 1338, 1345 
Phthalonitrile, 1006, 1118-21, 1124-7, 
1130 1 

Phthalopennone, 91 
Phthalophenonc 734 
7 8-Plithaloylacridone, 138 
5,4-Phthaloyl-7,8-ben/acndiiie, 919 
2 3-Phthalo>]ben7anthrone, 961 
1 2-Phthaloylcarbazole-8-carbo\yIic acid, 
905 

Phthalo>lpyrencs, %(> 

Phthalo\ lquinobnc»s, 958, 979 
Phthaloylqumoxalines, 864, 943 1 
0,7-Phthaloylthioindo\3 1 1 037 
Phthalyl chlorides, 112 731 
Phthiocol, 801 
Picene, 25, 32 
Picohnes, 25-6, 28, 1049 
Picramic acid, 179, 212, 217 105, 529, 
532, 539, 542, 576 
Picramide, 212, 220, 432 
Picric acid, 1, 70, 118-9, 302 522, 405 
Pigment padding process, 875 
Pigment printing, 292, 777, 1 1 19 
Pigments, analybis of 1345 
. azoic, 701 4 

” evaluation of, 1351-2 
, light fastness of, 1227 
Pigment-using industries, 2<)8 
Pinac>anolH, 1147, 1150 
Piperidine, 712, 836, 869 
l-Pipendinobenzanthrone, 961 
l-Pipendino-l-h> drox^ aiithraquinone-2- 
sulfonic acid 1208 
Pitch, 26, 33, 41 

Planarity, 370-8, 1284, 1286-7, 1292-4 
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Plasmochine, 757 
Plastics, coloring of, 298, 880 
Plumbagin, 800 

Polarographic study of anthraquinones, 
870 

Polyaceno series, 371 
Polycarbocyanines, 1147, 1152 
Polychloronaphthalenes, 08 
Polyenes, 352-4, 372, 381, 395 
Polyethylene (Polythene), 265 
Polyethylenepolyamine, 867 
Poly hydroxy anthraquinones, 825-33 
Polyhydroxyflavones, 741 
Polykisazo dyes, 579 
Polymethinc dyes, 335, 1145, 1147, 1172 
Poly phenyls, 356, 128(» 

Polyporic acid, 799 
Polystyrene, 265 

Polyvinylpyrrolidone (Periston), 203 
Porphin and Porphyrins, 396, 1119 23, 
1330 

Potting, fastness to, 259, 296, 491, 857 9 
Prehenitine, 29 
Preventol, 867 

Primary materials, synthesis of, 47 
Printing, see calico printing 
Production figures for dyes and iiiter- 
inediates, 14 7 
Proliuc, 229, 1330 
Prorain, 201 
Prontobil, 303, 494. 
n-Propylbenzene, 28 
Protective colloids, 294, 866, 1043 
Protocatechuic aldehyde, 733 
Protoemcraldine, 778 
Prunetin. 742 
Pschorr reaction, 219 
Pseudocumcne, 26-8, 36 
Pseudocumene-5-sulfonic acid, 36, 145 
Pseudocumenol, 29 
Pseudocumidme, 86, 453, 458, 485 
Pseudocyanines, 1147 
Pseudopurpurin, 830 
Purpurin carboxylic acid, 832 
Purpurogallin, 1196 
Purpurol, 182 
Purpuroxanthin, 829 
Pyocyanine, 779 

7 -Fyran and pyranol, 202, 740, 742-3 


Py ran thrones, 864, 946-7, 951-3, 989, 
1234, 1246-8, 1250-1 
Pyrazolanthrones, 862, 866, 993-5 
Pyrazolone dyes, 5, 607-21 
Pyrene, 25-7, 32, 41-2, 697, 788, 864, 
946-7, 986-7, 1000, 1110, 1316 
Pyrenequi nones, 947-8 
Pyrenothiophene-iiidigo, 1038 
Pynclmc, 25-8, 32, 34, 37, 40, 43, 81, 393, 
427, 522, 741-2, 842, 869-70, 1047, 
1049-50, 1196, 1295 
Pyrulinoalizarin, 852 
Pyruiinoanthraquinone, 862, 978 
P 3 iidinobenzanthronc, 968 
P>rulinopyrone, 1000 
Pyridiurn, 303, 434, 494 
l^^iiinidanthrones, 852, 864-5, 996 9, 
1250 

Pyrogallol, 744, 796 
P>rogallol trimcthyl other, 799 
7 -Pyrones, 743 
Pyroiunes, 745, 1335 
IHirole, 28, 433 
P> 111 VIC acid, 94 4 
P^iyhum salt‘^, 7 43 

Q 

Quantiiin-niT*i‘hanic{il tioatmcats, 332, 
389, 395 

Quercetin, 740 1, 7 43 
Quinaldine and alkiodidcs, 26 7, 1144, 
1147 51, 1197, 1199, 1200 
Quinaldinic acid ethonitratc, 1151 
Quinh> drone, 154 
Quinine, 2 

Quinizarin, 17, 104, 162, 804, 808-11, 
823 4, 826, 829, 835-6, 849, 856 
Quinizarin-2,3-dicarboxylic acid, 824 
Quinizarin-2-sulfonic acid, 53, 824 
Quinoline, 3, 4, 25-7, 30, 32, 34, 37, 81, 
18:i, 868, 934, 1144, 1147-8, 1150 
Quinoline carboxylic acids, 890 
Quinoneimines, 87, 180, 762 
Quinones, 153-65 

Quinones, ilaturally occurring, 799, 802 
Quinonoid theory, 324 
Qninoxalines, 86, 164, 764 



SUBJECT INDEX 


1419 


R 

R-Acid and ll-salt, 168, 171, 222, 237-8, 
453, 455, 458, 460 -1, 473-4, 483-7, 
492, 499, 504, 516, 527, 591, 623, 732, 
1323 

2R-Acid, 196, 503, 511, 572, 576-8, 582, 
596 

Ramie, 253, 1262, 1266, 1291 
Rapanonc, 799 

Uapidazols, 232, 651, 692, 694 
Rapid Fast rolors, 8, 227, 651, 689, 691, 
699 

Rapidogen developers, 692 
Rapidogens, 9, 228, 651, 691-2, 699 
Recording spectrophotometer, 311, 1339, 
1319 

Redox, see oxidation-reduction potential 
Reduction, 50, 79, 81-95, 217, 272, 324, 
448-51, 608 
Reed reaction, 200 
Resacetophenoiie, 440 
Restrvol HC\ 1057 

Resonance, 327, 333 41, 706, 761 2 871, 
1012, 1121, 1146, 1219, 1251, 1289, 
1292 3, 1319 

Resorcinol, 114, 4, 5, 31, 80, 103, 235 8, 
415 6, 453, l()5, 475, 179, 485, 495, 
501, 505, 507, 510, 521, 525. 531, 
536, 543 4, 571-2, 576, 578-9. 590, 
595, 638, 711, 717-9, 783, 785 
Ilesorcylic acids, 1 15, 439-10 
Retarding agents in vat dyeing, 873 
Retene, 32 
10-Rctenol, 446 
y^ii-and lip values, 1330 1 
Rharonazin, 740 
Rhamnetin, 740 
Rhein, 831 
Riboflavin, 780 
Robinson reaction, 741 
Roccal, 67 

Rongalite, 280, 290, 292, 1056 -7, 1086 

Rosamincs, 744 

Rosolic acid series, 731 

Rottlerin, 438 

Rouge Base, 662 

Rubazonic acid, 696 

Ruberythric acid, 818 

Rubiadin, 835 


Ruflgallol, 825 
Rutin, 742 

S 

iSaccharin, 54 

.S-Acid, 188, 420, 177, 488, 496, 505, 513, 
533, 548, 571 2, 577, 591-2, 597, 605^ 
1321 

28-Acid, see Chicago acid 
Safranines, 705-73 
Safraninoles, 765 
Safranoles, 766, 1074 
Salicylaldehyde, 47, 11 1, 135, 553-4, 743, 
1207 

Salicylamide, 731 

Salicylic acid, 144, 17, 148, 180, 201, 115, 
139, 453. 477, 507, 50^1-10, 514-6, 
523 5, 535. 538, 519, 552, 665 6, 
571-2, 575-6, 579. 581, 587, 592, 595, 
598, 602-6, 611 4. 618. 020-1, 629, 
730-1, 733, 740 
Salicylideneanilino, 555 
Saligenin. 1204 

Sandmoyer reaction, 64, 66, 70, 134, 
217-8, 220, 822 
Sandotix, 600 
Saiital, 742 
Sapamine, 600 
Saran, 205 

Sarcosine, 209, 229 30. 692 
Scarlet Bases, 602 

Schaeffer acid, 167 8, 183, 453, 484, 486, 
193, 496, 499. 501. 529, 538, 577, 502 
Si'hilT s bases, 350. 555, 944, 988-9, 1068 
Scholl cyclization, 6, 952 3, 955, 958, 
901, 970, 976, 984 
Schweitzer’s reagent, 254 
Secondary and tcTtiary aminc.s, 95-103 
Second order bands. 371 
Seleuoindoxyl, 1026 
SemiJine change, 126. 131, 932 
Seniiquinones, 87, 769, 779, 870 1, 936. 
1202, 1249-52 

Sensitizing dyes, see photographic sensi- 
tizers 

Setamol WS, 876 
Shikonin, 801 

Silk, 260, 285, 437, 475, 479, 752, 879, 
1056, 1079, 1341, 1343 
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Silver salt, 842 

Skraup reaction, 4, 176, 823, 947, 968, 
979, 1000, 1197 
Sodium cetyl sulfate, 751 
Sodium dibenzylsulfanilate, 867 
Sodium 1,2-diphenylethylamincmono- 
sulfonate, 837 

Sodium /3-hydroxycth>lsulfonate, 207 

Sodium isatogenate, 1009 

Sodium ootadecyl sulfate, 751 

Solacet dyes, 046, 812, 1331, 1336 

Solazol dyes, 1051 

Soledons, 8, 9, 1048 58. 1295, 1334 

Solidogeiis, 581, 600 

Solubilized vat dyes, 273, 280, 286, 1046- 
1058, 1333, 1336, 1347 
Solunaphtols, 669 
Solution Salt B, 291 , 867 
Solvent naphtha, 32-5, 40, 1342 
Soranjidiol, 831 
Spectrophotometry, 308-12 
Spekker absorptiomoter, 659 
Spinning colors, 1208 
Spinulosin, 800 

Spirit-soluble dyesi, 753, 774 6 
8.R.A. colors, 639, 801 
Stabilized diazonium salth, 222 33 
Standardization of dvcb, 20, 865 7, 1066, 
1081, 1254 

Standard light sources, 306 8 
Stearoylsiilphanilic achl, 1273 
Stcric factors, resonance and colot, 376, 
1287 

Stibanilic acid, 495 

Stilbene derivatives, absorption spectra 
of, 376-7, 1286, 1312 
Stilbene dyes, 4, 5, 028- 35 
Stokes law, 1217 
Strike test, 877, 1350 
Stripping of dyed and printed rnateiials, 
294, 879, 1254 

Styrene, 26, 28, 479, 727, 1238 
Substantivity, 271, 508, 673-81, 1055 6, 
1253-1303 

Succinic acid*and anhydride, 203, 745, 
889 

Sulfamic acid, 21 1 

Sulfanilic acid, 172, 52, 4, 17, 103, 180, 
186, 216-7, 409, 413, 418, 421, 463, 


461-2, 470, 474-6, 481, 483, 495-7. 
499-500 
Sulfetrone, 201 

4-Sulfoanthranilic acid, 147, 229, 538, 
616, 692 

p-Sulfobenzcnenzo-/3-naphthol, 659 
Sulfobf^uzoic acid 226 
<>-Sulfoberizoic anhydiide, 736, 1054 

3- Sulfohenzoyl chloride, 094 
Sulfohetainc, 105 1 
Sulfochloroacetic acid, 647 
l-Sulfoethylamino-7-riaphthol , 476 
/t-Sulfocthylbeiizene, 727 

/ii-Sul f oothy 1-o-tol u idine, 733 
o-Sulfonicthylphonvltaiinne, 727 

4- Sulfonamidophthalic acid, 1136 
Sulfonation, 50 62 

Sulfonic acids, charactcnzation of, 62 
Sulfonphthaleins, 737 
Sulfon>l chlorides and their derivatives, 
197 202 

4- Sulfophthahe acid, 1135 
Sulfosalicylic acids, 181, GOO 
Sulfo-o-tolyl l-amino-2-bcnzenosulfonat o, 

503 

5- Sulfotriincllitic acid, 145 

Sulfur (or sulhde) dyes, 5, 273, 280-1, 
1059 1100, 11 40, 1227, 1333 4, 1337 
1341, 1343 

Sulfurized dyes, 7, 273, 1101 17, 
1246, 1337 

Supersensitizing, 1 145 

Suprafix dyes, 867, 878, 955 

Surface activity and substantivity, 1272 

T 

Tamol NNO, 59, 938, 1208 
Taninol BMN, 278 
Tannic acid, 866 
Tannigan, 200 
Tauber synthesis, 49 
Taurine and derivatives, 208, 476, (>48, 
726, 785 

Tcloschistini 831 

Tendering 5f cotton, 870, 874r-6, 1080,* 
1187, 1*28-52 

Terephthal4dehydo, 144, 722, 944, 1207 
Terephthalk acid and chloride, 67, 143, 
153, 265, 656, 722, 884-5, 890, 1116 
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Terphonyl, 1280 
Terylcne, 206 

Tests and standards of purity of coal tar 
raw materials, 45-7 
Tetrabenzototrazadehydroporphin, 

1119 20 

Tctrabcnzoyl pyrene, 987 
Tetrabromocarbazole, 47 
Tctrabromo-m-tTCbol, 737 
Tetrabromo Methylene Violet, 1093, 1100 
Tetrabromophenol, 737 
Tetrabromopyranthrone, 907 
Tetracarbocyanines, 1154, 1104 
Tetrachloro-o-aminophenol, 179 
Tctrachloroanthraeenc, 1 lOt) 
Tetrarhloroanthraqiiinones, 95, 102, 804 
Tetraehlorobenzophenone, 1 39 
Tetrnchloroethanc, 914 
Tetrachloroindanthrone, 941 
Tetraohloroindigo, 1019 
Tctrarhlorophthalic anhydride, 142, 102, 
749, 753 

I'etrachloropropylene, 900 
3,5,8. 10-Tetraehloropyrcne-l ,6-quinone, 
947 8, 1080 

Tetrachloro-p-\ylenc, 722 
Tetra<‘> anobenzophenone, 1 1 35 
Tetraelhylencpcntannno, 1325 
Tetrahy»lroHav anthroncs, 99 1 
Tet rally dro fluoranthene, 32, 11 
Tetiahydrofuifuryl alcohol, 202 
Tetrahydrofurfury laiiiine, 202 
Tet rally dro-2-hy droxy-3-napht hoic aeid , 
119 

Tet I ahy droiiidanthrone, t etra&ulfurif 
ester of, 938 

Tet rahydronaphth alone, 29, 37, 76 
flr-Tetrahydronaphthalene-2-&ulfonic 
acid, 117 

fir-Tetrahydro“i3-naphthoic acid, 1 19 
Tctrahydronaphthols, 116 
ar-Tctrahydro-Naphtol AS, 119 
Tetrahydronaphthylainiiies, 90, 837 
Tetrahydrophenanthrolmes, 645 
Tctrahydroquinizarin dimethyl ether, 860 
Tetrahydroquinoline, 643, 645, 1164 
Tctrahydroxyanthraquinones, 95, 109, 

809, 824, 826-7, 850 
Tetrahydroxydibenzanthrone, 973 
Tetrahydroxymothylaiithraquinone, 832 


Tetrahydroxynaphthalene, 797, 809 
Tetraiodophenolphthaleiii. 736 
Tetraiodophthalic anhydride, 1 42 

1.4.5. 8- Tetrak is- ( 1 -anthraquinonyl- 
amino)anthraqumone (Pentan- 
thrimide), 17, 894, 900 

Totrakisazo dyes, 576, 1321 

1 .4.5.8- Tetrakismelhylaminoanthra- ^ 
quinonc, 806 

Tetralin, 37, 1238 

i3-Tctralol-3-carboxylic aeid and anilides, 
1 49, 691 

Tetralols, 110 7, 540 

2.3.6.7- Tetramethylanthracone, 3 1 
Tetramethylbenzen(‘&, 29, 432 
Tet rarncthy Ibiphenol , 3 1 
Tetramethyldiammobenzhydrol, see 

MichlerV hydrol 

Tetramethyldiaminobonzoplicnone, see 
Michler's ketone 

Tetrainethyldiaminodiphenylmethanc. 

10, 136, 705 

Tetramethylenepentamine. 870 
2,3,4,5-Tetramcthylpyridine, 29 
Tetramethylthiophene, 28 
Tctramethylthiourea, 522 

1. 4.5.8- Tetramiiioanthraquinone, 95, 
804-6, 815, 1318 

Tet rani inophthalocyanines, 701, 1138 
Tetraintrocarbazole, 39, 1101 
Tetraphenylanthracencs, 376 
Tctrapheny lazadipyrronicthiiie, 1199 
Tetrapyridyiphthalocj anincs, 1138 
l,2,3,4-Tetrazole-5-azo-/5-naphthol, 21 4 
Textile auxiliary agents, 293 
Textile fibers, 250-66 
identiOeation of, 266 
Textile printing, 288-93; see also calico 
printing 

Thelephorie acid, 799 
Thiacarbocyanmes 1153, 1156-7 
Thiamine, 441 
Thianthrene. 101)4. 1111 
Thiapoly earbocyanines, 1 162- 3 
Thmzine, 791 

Thiazine dyes, 791-5, 1093, 1333, 1336, 
1339 

Thiazoles, 623, 852, 1246, 1333, 1335, 
1344 

Thioacetanihdc, 1171 
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Thioaniline, 132, 698 
Thiobcnzophenone, 350 
Thiocarbanilide, 1024 
Thiocarbonyl-J-acid, 498 
Thiocy anophthalocy anines, 1141 
Thiodiglycol, 207, 692, 866 
Thiodiphenylamine, 102, 791, 100b 
Thioformamide, 1150 
Thioformanilide, 1150 
Thiogly colic acids, 180, 867 
Thioindigo-7,7'-dicarboxylic acul, 1037 
Thiomdoxyl, 1025-6, 1029, 1032, 1010 I 
p-dimethylamino anil of, 1035 
Thioindoxylic acid, 1031-2 
Thioisatm and its 2-ani]. 1025, 1037 
Thiomorpholine, 475 
Thionaphthene, 26, 29, 393, 1004 
Thionaphthene-mdigos, 1031-9 
Thionaphthencqumoiio, see thioisatiii 
Thionation, 5, 240, 622, 1059-66, 1101 
Thionol, 794 

1 ,9-Thiophenanthrone-3-carl)o\y ho acul, 
891 

Thiophene, 25, 28, 34, 46, 393 
Thiophenol, 28, 201, 110 
Thiophenol-o-carboxylic acid, 1032 
Thiophosgene, 582 
Thiosulfonic acids, 1093 
Thiotolene, 28 
Thiourea, 238, 1057 
Thioxanthene, 1111 
Thioxant hones, 931, 1094 
Thymol, 737 
Tillmans reagent, 763 
Tinogenales, 694 
Titanium tetrachloride, 9()4 
Titanous chloride, 451, 1344 6 
TNT, 73 

Tobias acid, 192, 15, 486-7, 613 
Tocopherols, 440 
Tokyo violets, 801 

m-Tolidine, 130, 486, 517-8, 544, 61 1-5, 
633, 1279 

o-Tolidine, 128-9, 17, 73, 458, 476, 499, 
506-9, 511-4, 571, 577, 579, 592, 
601, 1070, fi268, 1279 
o-Tolidine-6,6'-disulfonic acid, 130, 508, 
516, 519 

Toluene, 18, 24-28, 32, 34-5, 43-5, 47-51, 
64-7, 133, 138, 160, 721 2, 741, 924 


Toluene-2, 4-di8ulfonic acid, 54, 134 
p-Toluenesulfonamide, 54, 80, 92, 94, 919, 
1132 

Toluenesulfonic acids, 54, 103, 134 
Toluenesulfonyl chlorides, 54-5, 96, 490, 
503, 511,518, 531,615 
N-p-Toluenesulfonyl-H-acid, 191, 469, 
471 -2, 489 

Toluio acids, 143, 30, 197, 713 
m-Toluidino. 83-4, 29, 66, 73, 81, 96, 98, 
111,217, 489, 501, 521, 546, 574, 577, 
580. 591, 724, 943, 1208 
o-Toliiidine. 83-4, 29, 99, 101, 106, 217, 
233, 453, 455, 480, 484, 486, 488, 496, 
498, 501, 674, 606, 653, 717, 724, 727, 
753, 767, 794, 1033, 1071, 1077, 1104 
p-Toluidine, 83-4, 5, 29, 66, 103-4, 123, 
217, 233. 413, 419, 453 457, 484, 486, 
693. 717, 837 9, 819 50, 854, 1104, 
1188 

o-Toluidine disiilfonic acid, 611 
p-Tolnidmo-2-.sulfonaiiilido, 199, 484 
o-Toluidme-4-suIft)ndiineth> laniide, 693 
Toluidine sulfonic adds, 173, 483, 486-7, 
498, 511, ()lb 837 
Toluoxlhen/oic acids, 160, 17 
Toluo>lp>n‘no 953 

Tolu>l<*ried lain UK'S, 87 8, 17 182, 515, 
519 572, 576 7, 759, 761 5, 7(»7, 
1068, JOSy, 1099 

Tolu\l(*iu*diainine sulfonic acids, 572, 577 
ToIylnuTcaptan, 29 
A-Tolyl naphthylamines, 461, 728 
iV-Tolyl-peri acid, 187, 503 4 
o-Tolyltaunne, 732 
Tosylalion, 54, 470, 190, 518, 537 
Toxicity of aromatic amines, 95 
Tiiaminoaiithraquinonoh, 94, 806, 1318 
J,4,5-Trianimo-8-anthraquinonyIglycine, 

809 

Triaminobenzoic acid, 114 
l,4,5-Triamino-8-hydroxyanthraquinonc, 

810 

Triaminopropane, 552 
Trianthrirnidq, 900 1, 906 
1 ,3,4-Tnazaindolizine, 1171 
Tnazine derivatives, 195, 359, 467, 683-8, 
891 3 

Tribromoaniline, 83 
Tribromobenaene, 83 
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Tricarbocyaniues, 1147, 1153, 1164, 1324 
Trichioroanilines, 83, 922 

2.3.6- Trichloroanilinc-5-sulfoiuc acid, 512 
2,9, lO-Triehloroanthraceno, 1 109 

2.3.6- Triohloroanthraqiiinonp, 163 
Trichlorobonzanthrones, 960 
Trirhloruboiizenes, 65, 83, 17 75, 8()8, 

1026 

2.3.4- Tri(*hIorobfnz<'ncMdfon.> 1 ( hlorido, 
1027 

Trichloroethylcno, 203 

2.4.5- TnchloromotaTiilir acid, 617 
m-Trichloronicthylbenzo> 1 chloride, 68 
Trichloro Methylene Violet, 1107 

1 .3.4- Trichloro-7-Tneth\ Iphenothiazonc^ 
1108 

2.4.5- Tnchloronitrol)eiizcne, 75. 122 
Trichlorophenols, 155 
Trichloro-p-phenylenediannne, 21 1 

2.3.4- TnchlorophenylthioKlycolic acid, 
1027 

5.6.7- Trichlorothioindo\yl, 1026, 1029 

2.3.4- Trichlorothiophenoh 1 027 
Trichlorotoliiquiiione, 1105 
TrichroTiiaiic print mg procob*?, 1131 
Triethanolamine, 601, 738, 843, 1050, 

1051 

Tr iethy lam ine, 1147 
Trifluoroaeetainido group, 613 
4-Trifluoromethyl anthranilic acid, 925 
m-Trifluoromcthylbenzo> 1 chloride and 
fliioride, 68, 915 

Trifluoromethyl group, intermediates and 
dyes containing, 67, 407, 473, 643, 
888, 910, 915-6, 925, 914, 1221 
Trihydroxyanthraquinonet*, 300, 807, 809, 
818, 825, 849 

Trih> droxydibenzanthronc, 973 
Trihydroxymeth^ lanthraquiuoncs, 830-3 

2.4.5- Trihydroxytoliieno, 1 195 
Triindolylmethanc dyes, 730 
Triiodophenol, 47 
Trimesic acid chloride, 886 
Trinielhoxyphthalic anhydride, 1196 
Trimethylamine, 208, 522, 1053 

2.3.6- Trimethylanthracenc, 31 
Trimethylbenzcncs, 28 
Trimetliylindoleninea, 1169, 1173, 1324 

1 ,3,3-Triinethyl-2-methylcno dihydroin- 
dole, 1200 


Trimethylnaphthalenes, 31, 39 

3.4.5- Trimethylphenol, 30 
Tninethylpyridmes, 28-9 

2.4.6- Triinethylquinoline, 31 
Trimethylthiophene, 28 
Trinitroanihne. 413 
Trinitrobenzeiie, 72, 123, 1286 
Trinitrobenzoie acid, 72, 114 
Trinitroresf)rcinol, 1 19 
Trinitrotoluene, 114 
Trinitro-m-\ylene, 46 
Tripheiiylearbinol, 707 
Tiiphenylene, 32 

Triphenylmethane and derivatives, 708^ 
9, 712. 746, 759-60 

Triphenylmethane dyes, 4, 243, 325, 707- 
39, 7 46. 1333, 1335, 1339 
Triphen>lmeth>l chloride. 708 
Triphenyltetrazolium chloride, 431 
Triphthalo>lbenzene, 1188 
Tnsa/o d\es, 570, 1321, 1328 
Trithiuearbonatc, 1107 
Tntisporin, 832 
Trityl chloride, 708 
Tryptophane, 1008 
Tub-liquoring, 669 
Turkey Red, 272, 279, 820. 1344 
Turkey Red oil, 279, 294, 820, 865, 873 
Tyrosine, 261, 404, 437, 1296-7 

U 

Ullinann reaction, 71, 92, 893, 932, 942, 
989 

Ultra Man, 134 

Ultraviolet absorption, 310-1, 331-2, 
341, 348-9, 361, 391-3 
Ultraviolet fluorescence, 869, 1313, 1343- 
4 

Union fabrics, dyeing of, 288, 877 
Urea, 211, 581, 854, 1054, 1137 
Urea, dyes derived from, 580-2 
Urine indican, 1007-8 
Ui-sols. 1195 

V 

Vanadium lakes, 563 

Van dcr Waals forces, 1277, 1297, 1302 

Vanillin, 136, 733 
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Variamine Bluos, 664, 22^, 232, 66D 1. 

668, 070-1, 684-6, 687, 604 
Vat acid process, 876 
Vat dyes and dyeing, 0-0, 272, 279, 281, 
286-6, 861-1045, 1325, 1329, 1333-4, 
1337, 1339, 1341-2. 1345, 1348, 
1366 61 

N^-Vinylacctamido, 689 
Vinyl acetate, 265 
iV-Vinylcarbazole, 39 
Vinyl chloride, 203, 265, 479 
Vinylonc shift, 381 
Vinyl methyl ketone, 719 20 
4-Vmylox> azobenzene, 479 
Vmyon, 205, 1329 
Vioform, 177 
Violet acid, see Acid GR 
Violet Ciba Bases, 602 
Vibcose, 255-6 280, 478, 877, 1051, 1134, 
1200-3, 1270, 1280, 1311, 1343, 1350 
Vitamin A, 1312, 1331 
Vitamin Ba, 85, 780 
Vitamin C, 1312 
Vitamin D*, 1312 
Vitamin K, 155, 801, 1312 
Vitamin P, 742-3 
Vulcan pigments, 487, 702 

W 

Werner compounds, 551 

Wool. 257, 282, 437,- 109, 523-4, 539 40, 


567, 783-5, 879, 1045, 1056, 1078 9, 
1117, 1125, 1296-1303, 1334, 1311-5 
Wurster*a salts, 87 

X 

Xantheno, 710, 745 

dciivatives in natuie, 740-3 
Xantheno dyes, 710 54, 1335 
Xaiithhydrol, 745 
Xanthonc, 710 
Xanthopurpurin, 829-30 
Xanthopurpurin-2-carboxylic acid, 830 
o-Xenylaminc, 49 

X-Ray spcctrography, 261, 874, 1010, 
1083, 1098, 1122 3, 1255-6, 1260-1, 
1263, 1286, 1297, 1301, 1340 
o-Xy|pne-ci),w'-disulfonic acid, 727 
X> leiiehcxachlondcs, 07 8, 143 
Xylene musk, 73 

Xylenes, 26 8, 35, 40 8, 07-8, 73. 141 
/n-\ylene-4-sulfonic acid, 715 
Xyhmols, 20. 29. 38, 532, 619, 737 
Xvhdiucs, 29, 85^0, 96, 217, 153, 458, 
474, 485, 495, 198, 501, 591. 033, 724, 
753 

?w-4-Xylidine-5-&ulfonic acid, 173, 489, 

501, on 

Z 

Zapon Fast <-ol()rs, 539 10, 1208 
Zein, 1201 
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A 

Acc*arithrene Green, 1190, 1193 
Aectate Silk colors, 644, 647 
Acctin Blue, 775 
Acid Alizarin Bla( k R, 530 
Acid Alizarin Black SI], 520 
Acid Alizarin Blue B, 15 
Acid Alizaiin Blue BB, 835 
Acid Alizaim Blue GU, 831, 84M 
Acid Alizarin Blue Black R, H\V -si'c 
Knochrouie Blue Black R 
Acid Alizaiin Blue Green L, 533 
\( id Alizarin liordc^aux B, 611 
Acid Alizarin Brown B, BB 529 
Acid Alizarine Vellow ll(\ 301 
Acid Alizarin Flavine OF, R, 6U» 

Acid Alizarin Garnet R, 629 
Acid Alizaiin (Jrav G, 798 
Acid Alizaiin Gieeii B, 819 
Acul Ali/aiin Red B, 192 
Acid Alizarin Red 3B 610 
Acid Alizarin Red BT, 492 
Acid Alizaiin Red G, 010 
Acid Alizarin Red GN Oil 
Acid Alizarin Violet \ — M»e Palatine 
C'hrome A lolet 

Acid Ariihracene Brown 3G 49 { 

Acid Anthracene Brown IvL, 610 
Acid Anthracene Brown LL, M, R RH 
V\ SG. 529 

Acid Anthracene Brown TBL, 6.12 

Acid Anthracene Red 3B, 519 

Acid Anthracene Red 3BL, 490 

Acid Anthracene Red G 517 

Acid Black iOB, 14 

Acid Brillmut Blue R, 720 

Acid Brown R, 495 

Acid Chrome Black STC, STM, 527 

Acid Chrome Blue 3G, 2R; 5R, 529 

Acid Chrome Green G, 530 

Acid Chronic Violet B, 530 

Acid Chrome Yellow GL; 3GL, 617 


Acid Green cone. F, 714 
Arid Leather Brown KG, 485 
Acid Leather Brown 3GR, 576 
Acid Magenta, 723, 1326, 1346 
Aeid Milling Scarlet, 516 
Acid Violet 6B, 725 
Acid Violet 4BC, 312 
Acid Violet 4BL, 236 
Acid Violet 6BX, 727 
Acid Violet BW, 725 
Acid Violet 4R, 753 
Acid Yellow, 480 

\ciidine Orange NO, 213, 328 755, 758 
Acridine Rod 3B, 745 
Acndine Yellow , 380, 757-8 
Aenllavine, 303, 756, 1327 
Agalma Black lOB, 451 
Alcian Blue 8G, 10, 1140 
Aldch>de Blue, 3 
Aldehyde Green 3 
Algol Blue B, 1052 
Algol Blue G 1042, 1052 
Algol Blue 3G — see Indanthrene Blue 5G 
Algol Blue 3GN, 1042, 1043 
Algol Blue 4R, 1042 
Algol Blue RK, 912 
Algol Bordeaux 2B, 887 
Algol Bordeaux 3B. 896 
Algol Bordeaux RT 895 
Algol Brilliant Green BK, 1043 1053 
Algol Brilliant Orange FR, 886 
Algol Brilliant Red 2B, 887 
Algol Brilliant Violet R, 6 
Algol Brown 3R 10.10 
Algol Brown 5R, 1040 
Algol Cormth R, 895 
Algol Gray B, 895 
Algol Orange R, 6, 893 
Algol Orange RF, 1033, 1052 
Algol Fink B, 10.34 
Algol Pink BBK, 887 
Algol Pink R, 887 
Algol Red B, 099 
1425 
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Algol Red 5B, 1032 
Algol Red BB, 1052 
Algol Red BTK, 999, 1000 
Algol Red FF; R, 1245 
Algol Scarlet D, 1 190 
Algol Scarlet (1, 887 
Algol Scarlet GO, 1041 
Algol Scarlet GGll, 1033 
Algol Violet B, 887 
Algol Violet BBX, 1020-30 
Algol Violet RR, 1035 
Algol Yellow 3G; 3GK. 884 
Algol Yellow 8G, 014, 072, 1233 
Algol Yellow GO, 1115 -7, 1218 
Algol Yellow GGC, 1116 
Algol Yellow 4GK, 881, 1244 
Algol Yellow GR, 1117 
Algol Ycllo^^ R, 6, 885 
Algol Y^ollow WG, 881, 1231, 1241 6, 
1248 

Alizanthrcne Blue RC, 939 
Alizanthrene Navy Blue, 977 
Alizanthrenc Orange, 992 
Alizarin, 4, 5, 244, 301. 780, 818 23, 
825-6, 828, 830, 834-5, 861, 934, 
937, 1337, 1330, 1345 6 
Alizarin Astrol B, 838-9 
Alizarin Astrol Violet B, 854 
Alizarin Black P, 823 
Alizarin Black S, 797, 823 
Alizarin Black SRA; 797 
AMzarin Black WX, 797 
Alizarin Blue, 822 *3, 825-6, 852, 078 
Alizarin Blue S, 823 
Alizarin Blue Black B, 532, 851 
Alizarin Blue Green, 852 
Alizarin Bordeaux B, 109, 826-7, 850 
Alizarin Brilliant Cyanine GG, 829-30 
Alizarin Brilliant Green B, 842 
Alizarin Brilliant Pure Blue G, 842 
Alizarin Brilliant Pure Blue R, 840 
Alizarin Brilliant Pure Blue SF — see 
Alizarin Supra Blue SE 
Alizarin Brow^ HD, 825 
Alizarin Chrome Blue FFG, 840 1 
Alizarin Chrome Blue FFR, 841 
Alizarin Cyananthrql RXOF, 838 
Alizarin Cyanine BBS, 835 
Alizarin Cyanine G, 829-30 


Alizarin Cyanine NS, 826-7 
Alizarin Cyanine R, 827 
Alizarin Cyanine RR, 829 
Alizarin Cyanine Black G, 828 
Alizarin Cyanine Green, 823, 834, 837, 
849 

Alizarin Cyanine Green G, 837 
Alizarin Cyanine Green 3G, 849 
Alizarin Cyanine Green 5G, 849-50 
Alizarin Cyanine Green GT, 837 
Alizarin Dark Green W, 797 
Alizarin Direct Blue A, 7, 840, 844, 846, 
859 

Alizarin Direct Blue AGG, 840, 844 
Alizarin Direct Blue AR, 840 
Alizarin Direct Blue 6G, 842 
Alizarin Direct Green G, 837 
Alizarin Direct Green 5G, 849 -50 
Alizarin Direct Violet IR., 838 
Alizarin Direct Violet EBB; KFF, 836 
.Vli/arin Kmeraldol G. 818 
Alizarin Fast Black T, 851 
Alizarin Garnet R, 822 
Alizarin Geranol B, 851 
Alizarin Oeen, 823 
Alizarin Green G, 785 
Alizarin Gri'cn X, 852 
Alizarin Indigo G, 1042 
Alizarin Iiuligo 3U, 1012 
Alizarin Indigo Blue S, 826 
Alizarin Irisol R, 244, 823, 8U) 

Alizarin Irisol RL, 837 

Alizarin Light Brown GL, 843 

Alizarin Light (or Fast) Gray 2BL; 

2HIAV, 842-3, 851 
Alizarin Maroon, 822 
Alizarin Orange, 822, 1347 
Alizarin Orange A, 4, 408 
Alizarin Orange R, — see Alizarin Yellow 
R 

Alizarin Pure Blue B, 838 

Alizarin Pure Blue FFB, 840 

Alizarin Pure Blue NA, 839 

Alizarin Red B, 819 

Alizarin Red F, 819 

Alizarin Red S; 2S; 3S, 45, 834-5 

Alizarin Uubinol 3G; 5G; GW; R, 863-4 

Alizarin Saphirol A, 5, 840 

Alizarin Saphirol A3R, 840 
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Alizarin Saphirol B; SE; SES; WS, 95, 
848 

Alizarin Sky Blue B, 6, 838, 843, 1217 
Alizarin Supra Blue HE, 837 
Alizarin Uranol 2B (By); BB (IG); II, 
856 

Alizarin Viridino FF, 850 
Alizarin Vollow A; C, 796 
Alizarin Yellow C'Y; 4(i; 5G, GO; R, 
524-5, 565 
Alkali Blue, 3, 723 1 
Alkali Violet 6B; 4BN ; ,ill, 727 8 
Alphanol Brown B; H, G27, 532 
Amaranth, 302, 487 
Amethyst Violets, 7G7 
Araido Black lOB, 496 
Aniido Brilliant Red B, 488 
Amido Dark Green B, 197 
Ainido Naphtliol Blown 3(i. 107 8 
Amido Naphthol Red GB; G 488 
Amido Yellow K, 405 
Aniline Black, 3, 102, 274, 280 776-9, 
1057, 1195, 1339, 1343 5 
Aniline Blue, 3, 324, 723-4 
Aniline Purple, 2 

Anthosine B; 3B, 5B; BN; 5BN 187, 
489, 1208 

Anthosine Violet B; BB, 489, 187 
Anthracene Acid Brown G, 525 
Anthracene Blue SWX, 827, 835, 819 
Anthracene Blue WR, 77, 827, 835 
Anthracene Chrome Blue R, 520 
Anthracene Chrome Brown SWX, 529 
Anthracene Chrome Red A — hce Acid 
Alizarin Garnet 

Anthracene Chrome Red B, GIG 
Anthracene Red, 526 
Anthracene Yellow BBN— sec Mordant 
Yellow O 

Anthracene Yellow 525 
Anthra (laret RT, 895 
AnthraGavone G, 896-7, 1112 3, 1233. 
1216, 1250 

Anthragallol, 825, 831 
Anthralan Blue B; FR; G; R, 810-1 
Anthralan Bordeaux B, 490 
Anthralan Brown 4G, 406 
Anthralan Green GB, 636 
Anthralan Orange GG, 484 
Anthralan Red B; G; GG, 190 


Anthralan Red 3B: BBT, 853-4 
Anthralan Violet 3B, 849 
Anthralan Violet 6B, 836 
Anthralan Violet 4BF; 3R, 850 
Anthralan Yellow G, 613 
Anthrapurpurin, 818-20, 825, 8:35, 1346 
Anthraqiiinone Blue SRX, 839 
Anthraquinone Violet, 839, 1208 
Anthrasols — see Indif^osols 
Anthrasol Printing Yellow IG, T3G, 1051 
Anthra Yellow GC, 1229, 1236, 12:38, 
1246 

Vnthra Yellow’ GDN, 1110 
Aposafranines, 765 
Astazin Red B; O, 486 
Ahtraeyanino B, 721 

Astraphloxine FF, 0, 246. 7.38, 1169-70, 
1225, 1.324 

Astra Violet FF, 1 1 70 
Astrazone colors, 713 1173-5 
Aiiracinc G, 757 

\uramine O; G, 4, 130 242, 278, .386, 
705 6, 718, 729, 737-8. 862, 1228, 
1323, 1327, 1335, 1347 
Aurantia. .302, 405 
Aurine, 2, :302. 7.30 

Autazol Chrome Black BA, .505-6, 594 

Aiitazol Chrome Black OR; R, 530 

\utazol (’hrome Navv Blue BRA, 506 

Autol Orange, 702 

\utol Red GL: RLP, 70,3 

Azo Acid Blue B, 492 

\iCo Blue, 512 

A/ocarmme 13; BX, G, 770 
Vzo Eosine G, 484 
A'oflavine. 481 
Vzo flavine FFX 3H, 481 
\/o Fuchbinc G, 492 
Azogcranmc 2G, 474, 488. 1302 
Vzo Green A, 497 

Azol Printing Brow’ii 3RIi. .526, 54 4 

Azol Printing Orange R. 526 

A/ol Printing Red 2B, 527 

Azol Printing Red R, 526 

Azo Milling Yellow R. 61 4 

Azophor Blue D. 224 

Azophor Red. 224 

Azo Violet, 1279-80 

Azo Yellow ;3G; 3GXX, 481 
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B 

Bait 2000. 1167 

Benzaminr Brown KK) — soo Beii/o 
Chrome Brown G 
Benzaunn, 327-8 

Benzoazurine G 603, 1270-80, 1290 1320 
Bonzo Blue BB, 3B, BX, 4R, 507, 51 1 
Benzo Blue RW, 470, 513, 601 
Benzo Bordeaux 6B 501, 1282 
Benzo Brown D3G, 500, 605 
Ben/o Brown G, 577 
Benzo Chrome Black Blue B, BA 606 
Benro Chrome Brown B, G 572 605 
Benzo Dark Brown, 572 
Benzo Dark Green B, GG, 571 2 
Benro Fa&t Black 50S 
Benzo Fast Blue B, FPB, FR 2C«1 
R, 571, 573 

Benzo h ast Chrome Orange R 631 
Benzo Fast Chrome Red G, 6 1 3 
Benzo Fast Copper colors, 602 1, 618 9 
Benzo Fast Copper Blue F3GT> 427 602 
Benzo Fast Eosme BL, 515 
Benzo Fast Gray BL, 575 
Benzo Fast Heliotrope, 501 
Benzo Fast Orange F3R, WS 198 
Benzo Fast Orange G, 618 
Benzo Fast Orange S, 479 
Benzo Fast Pink 2BL, 51 1 
Benzo Fast Red 2B, 511 
Benzo Fast Red 8BI., 500, 1275, 1282 
Benzo Fast Red GL, 510 
Benzo Fast Scarlet 4BA, 8BA, 4I3S, 
8BS, GS, 7, 497-8 
Benzo Fast Violet R, 512 
Benzo Fast Yellow 4GL, RL, 580 
Benzo Fast Yellow 5GL, 301, 514 
Benzo Fast \ellow RL, 580 
Benzoflavme, 758-9 
Benzoform Blue BBL, 599 
Benzoform Brown FC, R, 598-9 
Benzoform Green FFG, FFL, 599 
Benzoform Orange G, 598 
Benzoform Scf^let B, 501 
Benzoform Yellow GL, 478 
Benzo Green FF, 572 
Benzo Light Orange G, 61 1 
Benzo Ohve, 572 
Benzo Orange R 507, 50^) 


Benzopurpurine 4B, 14, 128, 186, 401, 
479, 507, 512, 1265, 1268, 1274-5, 
1279-80, 1284, 1328 
Benzopurpurine 6B, 461 
Benzopurpurine lOB, 458, 478, 507, 512 
Benzo Red lOB, 507 
Ben/o Rhodubne Red B, 3B, 498 
Benzo Rubine IIW, 511 
Benzo Sky Blue, 513, 594, 602, 1280 
Benzo Violet BL 501 
Benzo Viscose Bine BB, 513 
Biebnch Scarlet, 4 303 447, 499 
Bmdschedlcr s Green, 128, 763 
Bismarck Brown G H 3 14, 175,519 20, 
577 

Blue 1022 704 
Blue Black N SI , 497 
I3ordcauxCOV 507 512 1265 
Bordeaux Pignu nt 70 1 
I3ordeaux Toner U 186 
Biilliant \eid Blue B 711 
Brilliant \lizann BKck 796 7 
Brilliant Alizarin Blue 3R 791 5 1336 
Biilliant Vli/arin Bordeaux R 825 6 
Brilliant \li/arin ^l^dlne F, 819 
Biilliant Aziirine 13 513 1280-1 
Brilliant Benzo 1 ast Grec n 502 
Biilliant Ben/o I ast Violet BL 1208 
Bnlliant Benzo hast Violet 4BL, 5R\ 
515 "" 

Brilliant Benzo Fast Violet 2RL, 501 
Brilliant Ben/o Gieen 13, 502 1292 
Biilliant Benzo Violet B 2R1 501 2 
Brilliant Black 1 1 326 

Brilliant Blue h (9 302 
Brilliant Blue 8RT 532 
Bnlhant (Winim T 517 
Bnlliant C’ongo Blue 131 L 5R 502 
Brilliant Congo V'^iolet R 501 
Brilliant Copper Blue GW 603 
Brilliant Cresj 1 Blue BB 782 3 
Bnlliant Crocein M, 913, 117 499, 1208 
Brilliant Direc t Orange G 510 
Brilliant GaHocyanine, 78 3 
Brilliant Ollier Blue, 71.3 
BriUiant Grfen, 303, 713 1211, 1221 5, ‘ 
1323, 1^27 1347 

Bnlliant Inc^go B, 4B IG, 1018-20 1052 
Brilliant Indo Blue 5G, 715 
Bnlliant Indocarbon CLB 1082 
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Brilliant Indocyanine 6B, G, 72b 
Brilliant I^ake Red R, 487 
Brilliant LanafiiehHine SL, 485 
Bnlliant Naphthol Blue B, 492 
Brilliant Phosphine, 758 
Bnlliant Ponecaii 4R, 487 
Biilliant Rhoduline Blue R 720 
Brilliant Rhoduline Violet R, 72^) 
Brilliant Siilfoflavme FF, 1188 9 
Biilliani Siilphon Red B, 489 
Brilliant Wool Blue FFR, FFRL (. 
725-6, 728 

Brilliant Yellow, .101 628 
Broinindigo Blue 2BD, 15 
Broinoehlorophenol Blue, 7.17 
Bromoc resol Green 45, 7.17 
Bromoeresol Puiple, 7.16 7 
Broino])henol Blue, 757 
Broniophenol Red, 7.17 
Bromoth'vmol Blue, 717 
Brown Pigment L878, 701 
Butter ^ ellow, 95 

C 

Gaehou de Lfi\al 5 1059 
Galeodur Blue 4GL, 1272 
Caleosol Printing > ellow 5G 1110 
Cairo Yellow 5G, 1110 
Caledon Black 2BM, NB, 966 
Caledon Blue 80, 938 
(\ale<lon Blue BC'D, GC, G('D, G(T, 
9,19, 942 

C'aledon Blue R, RS, 93 1 
('aledon Blue RC, 939, 911 2, 1052 
(^aletlon Blue RN, 12.19 
('aledon Brilliant Blue 5G, RN 9, IS 
(^aledon Brilliant Blue R, 9,V) 1231 
Caledon Brilliant Oiange IR, OR, 9’)5 
1259 

('aledon Brilliant Purple IR, 977 1525, 
1329 

Caledon Brilliant Red 5B, 911 
Caledon Dark Blue BM, 2R, 964 
Caledon Dark Blue G, 972 
Caledon Dark Blue MBA, 1239 
Caledon Dark Brown 2G, 1239 
Caledon Direct Black A(^ 968 
(’aledon Golden Yellow GK, 1210 


C'aledon Gold Orange G, 3G, 1231, 1233, 
12.39 1294, 1325, 1329 
('aledon Green 2B, R(\ 939 
Caledon Jade Green B, 3B, G, 4G, 2GS, 
X, XN, 8, 245, 666, 942, 969, 972, 
974, 1053, 1110, 1230-1, 12.39, 1243, 
1266, 1293, 1.12.5, 1329 
(‘aledon Ming Blue X, 978 
(‘aledon Orange 4R, 2RT, 1231, 1239, 
1246 

Caledon Pink RL, 12.19 
(^aledon Red BN , BNS, 1231, 12.19, 1325 
Caledon Red FF, 887 
Caledon Rod 2G, 1190, 1231, 12.10 
( aledon Red 5G, 886 1231 
Caledon Red X5B, 887, 12:11, 1245 
Caledon Red \ lolet 211 \ 920 
(^aledon Yellow G, 992 1251-2, 12.16, 
1242 

Caledon Yellow 5G, 885, 12.11, 1245, 
1125 1329 

(^alcdon Y>llow 4G, 4GS, 885, 12.33, 
1219 1244 5 

Caledon Yellow 5G, 5GS, 1052, 1229 
1211 1240 1294 
CNledon Yellow (A 1219 
(Wdon Yellow 2RS, 12.15 1294 
(\aledon Y ellow .5RS 1231 
Canann 1 196 
Capri Blue 372 782 
Cirhanthrene Black 11 966 
C'arbanthrene Yellow G 992 
Carbarole Yellow 516 
(*arbolai Blue B BS, US 85S 60 
Caibc/lari Crimson IIS 491 1.102 
CNrbolan Yellow BS :1GS 491 615 
Carmoi^iiie W S 492 56 4 5 
Celesline lllue H 78 4 
( elli<a/ols 042 
( ellit Fast Brown R, 407 
CVlht Fast Red B BB, 659 
Cl 111 ton Disehaige Scarlet B 2 42 
(Vlhton d^es. 641, 798, 805 808-9 811, 
1206 

( eres Blue I. 758- 9 
C'hicago Blue B 19 597, 1267, 1280-1 
('hieago Orange G, 3G 652 
( hloramino Blue 30, 571 
Chloramine Green B, 571-2 
('hlorarame Red 8BS. 511 
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Chloramine Violet FFB, 626 
Chloramine Yellow, 624-5 
Chlorantine Fast Blue 8G; 10(iL, 586 
Chlorantine Fast Green BLL, 9, 586-7, 
1283 

Chlorantine Fast Kubine RLL, 547, 586 
Chlorantine Light Blue 4GL, 1229 
Chlorazol Black GFS, 478 
Chlorazol Brown M, 1271 
Chlorazol Dark Green PIj— see Frie 
Green WT 

Chlorazol Fast Black BKS, 478 
Chlorazol Fast Orange AG; GS, 478, 1343 
Chlorazol Fast Red FS, K, 269, 1269 
Chlorazol Fast Scarlet 8B, 1271 
Chlorazol Green BNS, 1328 
Chlorazol Sky Blue FF, 1215, 1222, 1271 
1327-8 

Chlorazol Violet N, R, 1271, 507 
Chlorazol Yellow 80R, 478 
Chlorophenine, 624-5 
Chlorophenol Reil, 737 
Chromazunne E; G; GR, 781 
Chrome Blue Black R, 14 
Chrome Brilliant Blue BL, 841 
Chrome Fast Black PW, 535 
Chrome Fast Blue R, 492 
Chrome Fast Leather Black S, V, 573 
Chrome Fast Orange G; RD, 527 8 
Chrome Fast Yellow 5GD, 8GL 1188 
Chrome Fast Yellow RR, 525 
Chrome Garnet B, 'ftl 
Chrome Gray BN, 530 
Chrome Leather Black A, 578 
Chrome Olive 2B, 532 
Chrome Orange GR, LR, 526, 610 
Chrome Turquoise Blue B, 713 
Chrome Violet, 243, 730 
Chrome Yellow 2GL; R, 617, 525 
Chromocitronine R, 525 
Chromocyanine V, 783 
Chromogen Black FiA; ET, 531 
Chromogen Red B, 750 
Chromotrope 2B; 6B,* 7B; JOB; RR, 301, 
460,492 , 

Chromotropic Blue, 492 
Chromoxane dyes, 731 -2, 753-1 
Chiysamine G; R, 477, 507, 509, 525, 602 
Chrysanilinc, 759 
Chrysoidine R ; Y, 4, 482, 520-1 


Chrysophenine G; Cll, 131, 478-9, 515, 
580, 628-9, 1267, 1270-1, 1282, 1327, 
1329 

(^ba Blue B; 2B; G, 1020, 1226, 1229, 
1235, 1239, 1242 3 
Ciba Bordeaux B, 1033 
Ciba Brown R, 1020 
C^ba Gray G, 1029 
Ciba Green G, 1022, 1231 
(’iha Heliotrope B, 1039 
Ciba Lake Red B, 1021 
Cibanone Black B; 2B; 2G, IIH, 1239 
Cibanone Blue G; RA, 977 
('ibanone Blue 3 G, 1114-5 
(^ihanone Blue RSN, 1239 
C’lbanone Brilliant Green BF, IG, 1239- 
10 

Cibanone BiiHiant Orange GK, RK, 1239 
Cibanone Brown B, 1114 
(^ibanone Blown BG, 1239 
Cibanone Brown GR, 12.19 
Cibanone Golden Orange G. 3(1, GN, 
2R, 1239 40 

(’ibanone Golden \ ellow GK, RK, 1240 
Cibanone Gold Orange 2G, 1233 
Cibanone Green B, Ci(\ 1114, 10.10 
Cibanone Navv Blue RA, 1239 
( ’ibanone ( )Ii v e B ; 2 R, 111 5, 1 239 
('ibanone Orange R, 7, 1095, 1110-1, 
1228 9, 1231, 1233. 1238, 1210, 1212, 
1216 

Cibanone Orange 2R, 3R; 8H, 211T, 
1233, 1239-40 

('ibanone Orange OR, 892, 1231, 1233, 
1210, 1248 

('ibanone Red 2B, 4B, BN, FBB, G, 
892, 1239 10 

('ibanone Violet B\\ , 4R, 977, 1239 
Cibanone YeUow G, 30; GK, 5GK; GN, 
3U, 3RP, 1239 10 

Cibanone Yellow 2GR, 892, 1233, 1210 
Cibanone Yellow R, 7, 897, 1095, 1110-3, 
12.30-1, 1233, 1235 6, 1238, 1240, 
1246 

('iba Orange (i, 1041 

('iba Pink 1032 

CUa Red G, R, lOlO-l 

Ciba Scarlet G, 246, 1005, 1041 

(Mia Violet A; B, 3B, 1005, 1029 

Ciba Yellow G, 1235, 1240 
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Ciba YeUow 3G, 1020 
Citronin, 408 
Clayton Yellow, 301, 627 
Cloth Fast Black B, 1322, 1328 
Cloth Fast Blue R, 1322 
Cloth Orange, 507 
(3oth Rod B; C; 2R, 190 
Cloth Scarlet G, 499, 500 
Cochineal Rod A, 487 
Coerulein, 4, 743, 750 
Columbia Black FF, 149, 575, 598 
Columbia Black PB, 577 
("olurnbia Bronze B, 572 
Columbia Brown R, 572 
Columbia Catochin O, R, 579, 572 
(’oiigo Brown O; R, 605 
C’ongo (Winth G. 460, 507, 511, 1281 
CWgo Orange G, 510 
Congo Red, 5, 19. 128, 149, 186, 211, 301, 
158. 460, 477, 479, 483, 506 7, 511, 
589, 666, 1265. 1279, 1281 2 1288 
1290, 1320 2 1327. 1329 
Congo Rubine, 511-2, 1281 
('ooniasbie Red G, 1300 
Copper Red X, 529, 559 
(3oprantines, 604 
Coralhn, 730 
Coralline, 1143 
Corial colors, 1209 
Conphosphine O. 758 
Cotton Brown, 1071 
("otton Brown A, N, 500, 195 
Cresol Black 6B, 497 
Cresolphthalcin. 736 
w-(Veaol Purple, 737 
Cresol Red, 737 
Crocein Scarlet 3H, 417 
Crocein Scarlet 7B, lOB, 499 
Crocein Scarlet 3BX, 487 
Crumpsall Yellow, 525 
Crystal Fuchsme, 717 
CVvstal Scarlet, 1347 
Crystal Violet, 4, 303, 321, 327, 356 7, 
365-7, 372, 396, 707, 710. 720, 724, 
862, 1221 6, 1324 

(Crystal Violet lOB, 5B(), 720, 1323 
Cuprophenyl dyes, 604 
Curcumme S, 631 
Cyananthrene O, 978 
Cyananthrol R, 838 


Cyanazurme, 784 
Cyanine Blue, 3, 1143-4, 1 149 
Cyanol extra; FFG, 715 
(‘yanol Silk Blue B, 728 

D 

Dclphine Blue B, 781 
Delta Purpuiinc 5B, 479 
De\ eloped Black Blf, 14 
Diamine Azo Scarlet 4B; 4BL, 594 
Diamine Black BIT HW, RO, 594, 573, 
507 

Diarnine Blue \Z, 6G. 1280 1, 1290-1 
Diamine Bordeaux S 511 
Diamine Brilliant Ruby Red S, 501 
Diamme Bronze G, 596 
Diammc Brown B, M, S, V, 605-6, 507, 
511 

Diamine Catcchin 3Cr 579 
Diamine Fast Blue F1*B, 297 
Diamine Fast Biowu (4, GB, 633-4 
Diamme Fast Red F, 179 507, 510, 605 
Diamine Fast Scarlet 7BH 2G, GFF, 
498, 501 

Diamme Fast Violet BBN , RBX, 501-2, 
1282 

Diamine Gold, 515 
Diamine Green B; HB, VL. 571. 1321 
Diamine Green G, 479, 005 
Diamme Heliotrope B 5tM 
Diamme Orange B D, I (jR. 510, 
629-31 

Diamine ral Brown G, 605 
Diamine Red lOB 512 
Diamme Rose BD FFB 626, 1321 2 
Diamme Scarlcd B 511 
Diamme Sk^ Blue KF, 513 603 666 1215 
Diamme Steel Blue LCC. 571 
Diamme Violet X, 507. 512 
Diaminogen Blue BB 5t>2. 1291 
l>iaminogcn Sk\ Blue X, 592 
Diamond Black F, 5. 301, 527 
Diamond Black PBB, 530 
Diamond Black PV, 170, 530, 563, 561 
Diamond Blue 3B— see Chrome Fast 
Blue R 

Diamond Blue Black BR, 530 
Diamond Bordeaux R, 527 
Diamond Flavine G, 524 
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Diamond Gray GL, 530 

Diamond Green, 712 

Diamond Green B; S8, 497, 527 

Diamond Green 3G, 531 

Diamond Green OX, 737-8 

Diamond Olive GL, 530 

Diamond Phosphine GF; RF, 757-8 

Diamond Red G, 616 

Dianil Blue G ; R, 507, 513. 545, 603, 1280 

Dianil Brown BD, 577 

Dianil Fast Brown B, 579 

Dianil Orange G, 626 

Dianil Yellow 3G; 5G; GW; 3GV\ , R; 

RR; RUL, 580, 618, 626 
Dianisidine Blue, 704 
Dianol Red 2B, 458, 507, 1279 
Diazo Blue 3R, 591 
Diazo Bordeaux 7B; 7BL. 498, 593 
Diazo Brilliant Green 3G, 593 
Diazo Brilliant Orange 5G; GR, 619, 
493-4, 593 

Diazo Brilliant Scarlet BA; BG, 3BL, 
478, 590, 493, 595 
Diazo Brown 3G, 582 
Diazo Fast Green BL, 592 
Diazo Fast Scarlet FBL, 595 
Diazo Fast Yellow 20, 515, 629 
Diazo Golden Yellow, 595 
Diazo Indigo Blue 4GL; M, 592 
Diazo Light Yellow 2G, 515, 594. 1290 
Diazo Olive G, 592 
Diai^ Sky Blue 3G; 3GL, 591 -2, 478 
Diphenyl Blue Black, 507 
Diphenyl (’’hrysoine G, 628, 632 
Diphenyl Citronine G, 242, 632 
Diphenyl Fast Black, 515 
Diphenyl Fast Brown, 632 
Diphenyl Fast Grav B, 507 
Diphenyl Fast Green 5GL, 478 
Diphenyl Fast Red 5BL Supra I, 128.3 
Diphenyl Fast Yellow, 634 
Diphenyl Orange RR, 632 
Direct Black K; EW; RX, 572, 14 
Direct Blue 2B, 14, 513, 1.322 
Direct Brown 300; R, 14, 632 
Direct Deep Black EW; RW, 475, 572, 
597-8 

Direct Fast Orange, 498 
Direct Fast Scarlet, 14 
Direct Fast Yellow, 624, 1328 


Direct Green B; 2G, 301, 478 
Direct Red J, 507 

Direct Sky Blue, 14, 1229, 1232, 1322 
Dispersol Diazo Black AS, 639 
Disporsol Fast Red R, 640 
Dispersol Yellow 3G; 3GS, 640 
Disiilphine Blue VS, 312 
Doebner’s Violet, 325, 327-8, 708 
Double Ponceau R ; 4R, 485 
Durafurs, 1195 
Duranol colors, 244, 805 
Durazol Blue 2G, 545 
Dutazol Fast Blue 2G, .*>45 
Durazol Fast Blue 8GS, 1135, 1328-9 
Durazol Fast Paper Blue lOGS, 1135 
Durazol Fast Rubine B, 545 
Durazol Fast Violet 2B, 545 
Durazol Fast Yellow OG, 1271 
Durazol Grav RG, 1271 
Durazol Rod 2B, 1271 
Dunndone Blue 4B, 1231 
Durindone Red 3B, 1034 
Dunndone Scarlet 3BS, H, Y, 1052, 1040, 
1231 

£ 

Eclipse Blue, 1076 
Eclipse Brourj^l071 
Eclipse Green G, 1078 
Eclipse Y'ellow G, 1068 
FjOHine; A, BN\, H8G; S, 4, 213, .301, 
748, 1216, 1225, 1323, 1316-7 
Ergan dyes, 8 
Erganil dyes, 514 
Ergansoga Brown 3R, .524 
Ergansoga Orange R, 526 
Erie (it ceil T, 571 

Erika B, G, 2GN, 026, 1322 
Eriochrome Azurol B, 731 
Eriochrome Black A; T, 241, 531 
lOrioehrome Blue Black B; R, 301, 531, 
536, 538, 562-3, 565 
Eriochrome Cyanine R, 731 
Eriochrome Flavine A, 524 
Eriochrome Green II, 536 
Erioehronip Pfcosphme R, 525 
Eriochrome Red B, 536, 5.38, 562, 616, 
1328 

Eriochrome Verdone A, 532 
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Enoglaucme A, 715 
Erythroaporyanuip, I J 47 
Ervthrosmc A; B, 60, J :102, 718. U45, 

v.m 

Kthoxazmc, 494 
Kthyl Red, 7, 1148-9, 1164 
Ethyl Violet, BXOO, 720, 739 
Euchrywne GGNX, 3RX, 758 
Eukanol colors, 1209 

F 

Fanal colors, 737-9 

Fast A<*ul Blue H, 753 

Fast A( id Fuclisinc B, 488 

Fast Acid Violet AIIR, 753, 1223 

Fast Acid Violet lOB, 725 

Fast Acid Violet R, B, 474, 490, 75 i 

Fast Blue, 774 

Fast Bio\mi (jt, N. 475, 495, 485 
Fast Green, 713 
Fast Giccn FCF, 302 
Fast Giecn O, 211, 401 
Fast Light ^e^o^\ E3G, EGG, G, 3G 
GOT \ 611, 613, 1208 
Fast Moidant Blue B, 529 
Fast New Blue 3R, 781 
Fast Pruiling Green, 102 
Fast Red A, B, 485, 487, 1328 
Fast Silk Yellow’ G, 482 
Fast Sulphoii Black F, 505 
Fast Supra Yellow 20, 608 
Fast Yellow, \ 

Fat Ponceau, 1321 
Plag Red Pigment, 703 
P'lavanthrene. 987 

Flavanthrone 6, 932, 937, 941 951 

954, 988-92, 1001, 1232, 1231. 1216 
1239, 1247-8, 1250-1 
Flava/in. 61 4 
Plavindiilinc O, 769 
Flavopuipurin, 818-20, 825, 8.15, 1346 
Fluorescein, 4. 365, 372, 734, 743 747 
749-50, 1215 6, 1 123 
Pluorindine dyes, 773 
Pliiorol 242. 999 
Fluorol 5G, 7 17 
Formal F'ast Black, 599 
Formyl Violet S4B, 725 
Fuchsinc, 708, 1323 


Fuchsiiic Violet V, 720 
P'ur dyes, 1195 
Furrems, 1195 

G 

(lallainme Blue, 78.1-4 

Gallanil Blue 785 

Gallanil Vioht, 783 785 

(J«illein, 4, 7 43 750 1346 

( lalioc> anine, 101 , 783 -5 

Gamliine R, 402 

Gentian \iolet, .103 

Golden Grange 111, 406 

Golden \elIow VIII, 406 

(treen G\, 737 

(irelanone Red 2R, 991, 1236 

Grrlanone Scarlet G 993 

(itiinea P'ast (iieiui B, 715 

Guinea F.ist Re<l, RR, 474. 484. 4*)0 

Gunn a Green B, 102, 714 

H 

11 ansa Groin G»S, 1195, 1205 
Hansa R(*d B 703 
ilansa Riibinc, 487 
Hansa \eIlow, 430, 702 
llelianthione, 983 
llclindoiie Blatk 3B, T, 1117 
Helindonc Blue 3G, 1042 
Helindonc Brown CV, 1117 
Hehndone Brown (i, 1040 
Helmdone Brown SGX, 881, 1007 
Helindonc Khaki C. (’R, 1117 
Hclindoiie Rod BB, FR, 1032 1040 
Hehndone Sc allot GG, 1041 
Hehndone ellow CG 796 1052, 1117 
Hehndone \(4Iow 3G\ 881, 1007. 1232, 
1244 

Heho Bordeaux H BL, 6BL. 486 

Hello F’a®! Green HG 1204 

Heho Fast Pink RL 887 

Heho Fast Red RBR 703 

Hello Fast Yellow 6GIi, 884 

Hchogen Blue. 1119, 1126, 1128-9. 1135 

Hehogeu Green, 1126. 1130, 1132 

Ilelio Orange GAG, Gli, TD, 486 

Heho Purpurm 7BL 1208 

Heho Red BL. RBL, RMT 486 703 
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Hessian Yellow, 629 
Hoeohst Yellow R; U, 1021 
Hofmann Violets, 3 
Hydrazine Yellow IIL, 61.1 
Hydron Blue, 7, 39, 216, 10.59, 1064, 
1082, 1084, 1094-5, IIOI-IO 
Hydron Olive G: GN, 1109 
Hydron Printing Blue 3R, 1104 
Hydron Violet N, 1114 
Hydron Yellow (\ NF, G, 905, 1229 
Hydron Yellow GG, 1238 

I 

Igenal Browns. 406, 482, 495, 54.1 
Igenal Yellow RH, 616 
Immedial Black, 5, 1060, 1063, 1065, 
1075, 1080-1, 1098 
Immedial Black Brown, 1072 
Immedial Blue C, 1075 
Immedial BordeauA, 1073, 1075 
Immedial Brilliant Blue CLB, 1076 
Immedial Brilliant Green, 1078-9 
Immedial Brown, 1071 
Immedial Chrome Blue, 1077 
Immedial Corinth B, 1074 
Immedial Cutch, 1071-2 
Immedial Dark Brown, 1071-2 
Immedial Dark Green B, 1071, 107h 
Immedial Direct Blue, 107.5-6 
Immedial Fast Dark Brown, 1071 
Immedial Fast Field Grav B, 1080 
Immedial Gieen, 1078 9 
Immedial Green Blue CV, 1077 
Immedial Green Yellow G, 100t)-70 
Immedial Indogen, 1077 
Immedial Indone, 1077, 1084, 1095 
Immedial Indone Violet B, 1074, 1077 
Immedial Maroon B, 1073 
Immedial New Blue, 1077-8 
Immedial 01i\c, 1069 71 
Immedial Orange, 1068-71, 1099 
Immedial Orange Brown, 1071 
Immedial Pnine S, 1073 
Immedial Pure Blue, 7, 1076, 1084, 
1093-7, 1102, 1106-8 
Immedial Purple C, 1074 
Immedial Red Brown, 1073 
Immedialsols, 1086 
Immedial Violet 2B, 1074 


Immedial Yellow, 1068-70, 1092, 1099 
Immedial Yellow Brown, 1069-72 
Immedial Yellow Olive, 1060-70 
Imperial Violet, 3 

indanthrene Black B; BB; BGA, 6, 16, 
964, 966 

Indanthrene Black Brown NR, 982 
Indanthrene Blue; R; RNS, RS; RSN, 
6, 15, 245, 328, 764, 861, 871, 897, 
925, 931-43, 964, 987, 989, 1010, 
1048, 1067, 1242, 1246, 1248, 1294 
Indanthrene Blue BC; 3G, 5G; GC; 
GCD, 3GF, GGSLC’. GGSP, RC; 
RK, 15, 938 42. 10.52. 1209 
iiulanthiene Blue ('LB; ('JjG, 911, 915-6 
Indanthiene Blue 8GK, 925 
ludanthieiie Blue Green FFB, 1114 5 
Indantlueni* Bordeaux B, 895 897 8, 
1192 

Iiidauthienc Boideaux BB, 922 3 
Indanthrene Bordeaux RU. 955. 1192 
Indanthiene Bulliant Blue 3G, 4G, R, 
lU’L. 938 9. 1142 

Indanthrene Brilliant Gieen B, FFB, 
4G, GG 1,5, 969, 971 2 
Indanthrene Brilliant Orange GK, UK, 
8, 956 7. 10.52, 12.11, J233, 1216 
Indanthrene Bulliant Orange GR, 9, 
1191-2. 12.H, 12.13, 1246. 1248 
Indanthrene iTrilliant Pink 3B, 1034 .5, 
10.52 

Indanthrene Brilliant Pink BBL. BL, 
920-2, 1246 

Indanthrene Bnlliaul Pink K, 86.4, 922, 
1033-4, 1052 

Indanthiene Brilliant Searlet RK, 871, 
91.4 4 

Indanthrene Brilliant Violet 3B 4R, 
HR, 15, 977, 10,52 

Indanthrene Brillhant Violet BBK; F3- 
RK; RK, 6, 886 8 

Indanthrene Blown BR, FP'R, GR, 
906-7, J062, 1231, 1245 
Indanthrene Brown G, R, 16, 886, 900; 
905, 1246 

Indanthrene I^rown 3GT; IVGR; NGR, 
929 30 

Indanthrene Brown NG, 986 
Indanthrene Brown RRD, 16, 1036, 
1038, 1052 
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Indanihrenc Brown TM, 055 
Indanthreno Claret B, 895 
Indanthrene Cormth RK, 895 
Indanthrene Dark Blue BO, GB, 6, 
15, 964, 972, 1052 
Indanthrene Dark Blue HT, 978 9 
Indanthrene Dark Blue GBL, 1100 
Indanthrene Dark Blown 5U, 10.10 
Indanthrene Direct Black B, R, UB, 
953, 967, 998 

Indanihrenc (Jolden Oran(i;e G 15, 
951-2, 1230, 1233, 1236, 1246 
Indanthrene Golden OranRC 3G, *K)1 2 
905, 1231, 1245-6 

Indanthrene Golden Orange GN, 931 
Indanthrene Golden Orange B 953 
Indanthicne Golden Yellow GK, ItK, 
8, 870, 953 ,1. 1030, 1052, 1228, 
1231, 12.43 1246. 1210, 1266 
Indanthrene Grax 614, 1036 
Indanthicne Grav BG, 0.57 
Indanthrene Grav 3G, 068 
Indanthrene Grav K 806 
Indanthrene Grav M, MG 005 
Indanthrene Green B 066 
Indanthienc Green BB, 0.30 
Indanthrene Gicen 4G, 927 8 
Indanthrene Khaki GG, 6, 7, 15 800, 
900, 907 8, 9.30, 1231, 1243 12^)4 
Indanthrene Khaki GR, 930 
Indanthrene Magenta B, 863 
Indanthrene Marine Blue R, RB, 00,3 
965 

Indanthrene Navy Blue BF, RB 21 
961 5 

Indanthrene Navv Blue G 072 
Indanthrene Nav^' Blue R 0, 005 
Indanthrene Olive 3(i, 886, 005 I lOO 
Indanthrene Olivo GB, T, 981 2, 10.33 
Indanthrene Olive H, 6 15, 886, 895 00.3, 
009 

Indanthrene Olive Brown GB, 082 
Indanthrene Olive Gieen B 064, 080, 
998. 1001, 1053, 12.47 
Indanthrene Olive Green GB GG, 981 
Indanthienc Orange FFRK, 887 911 
Indanthrene Orange F3R. 023-4, 1246 
Indanthrene Oiaiige GG, 886, 1233, 1245 
Indanthrene Orange 4R, 0%33, 1052, 12.43, 
1246 


Indanthrene Orange 7RK, 895-6 
Indanthrene Orange RR, 905, 922, 1233, 
1246 

Indanthrene Orange RRK, 886, 1231, 

1245 

Indanthrene Orange 2KX, <305 6 
Indanthrene Orange RRT, RT, 0.33, 964. 
1243, 1216 

Indiiiithrene Orange 6RTK, 8<M, 1231-2, 
1215 

Indanthienc Pjnk B, hBBL, <)20 I, 12:41 
Indanthrene Printing Blark B, BGL, 
BL, h, TL, 1040. 104.3, 10.33 
Indanthrene Printing Blue B, GG, R, 
1030 1042 10.32 

Indanthrene Printing Blue FG, 925 
Indanthrene l*iint»ng Blue 3Ii, 1104 
Indantlurtne Printing BrovMi B, 5R, ll<)2 
Indanthrene Punting Brown K, 3R, 
1010 

Indanthienc Pimting Ihnk FFB, 1035 
Indanthrene Pnnling Purple R, 10.3.3, 
10.32 

Indvnthrene Printing Violet BBF, 1029, 
1052 

Indanthrene Printing Yellow (JOK, 
GO\\,‘)55 1231 

Indanthrene Red HK, 5GK, 886, 1245 
Indanthienc Red I4\ , RK, 6 918, 023, 

1246 1266 

Indanthrene Red H3 13, FFB 011 3 1052 
Indanthrene Red (3, R, 6 8<)5 
Indanthrene Red GG 8, 11<»0 1236 

1316 

Indantluene Red Blown GR, oRF, 903, 
005 -t), 11<»2 

Indanthrene Red Brown R, 929 
Indanthrene Red Brown RR, 985-6 
Indanthrene Red Violet Rll, 1034, 1052 
Indanthrene Rod \iolet RRK, 920, 924, 
029 

Indanthrene Red \iolet RRN, 6, 1034 
Indanthrene Uiihine B, 911, 916 
Indanthrene Ruhinc R, <)93-4, 1236 
Imlanthrene Scarlet 13, 1035, 10.32 
Indanthrene Scarlet G, 053 
Indantluene Scarlet 4G GK, RM, 955-7 
Indanthreno Scarlet GG, R, 8, 9, 1190-2, 
1104, 1246 
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Indanthreue Turquoiae jBluo (tK; 3(ilK, 
9, 924 -6, 1246 
Indanthrene Violet B, 977 
Indanthrene Violet BBK, 1245 
Indanthrene Violet BN; FFBX; UN, 
923, 1055, 1294 

Indanthrene Violet R; UR, 6, 15. 976 7 
Indanthrene Violet RT, 965 
Indanthrene Yellow BY, 884 
Indanthrene Yellow FFRK, 870 1, 899 . 
900, 905, 1228, 1231, 1233, 1236. 
1240, 1242, 1245, 1250 
Indanthrene Y>llow G, 6, 15, 987. 992, 
1052, 3247 

Indanthreue Yellow 6GD, 1187, 1233 
Indanthrene Yellow OF, 972, 1116 7, 
1229, 1231, 1233, 1237, 1246, 1218 
Indanthrene Yellow 3GF, 885, 892. 

1230- 1, 1233, 1245 

Indanthrene Yellow GGF, 885 
Indanthrene YVllow GK, 6, 885, 887, 

12:13, 1244-5, 1266 

Indanthrene Yellow 4GK, 996, 12:33, 

1248-50 

Indanthrene Y>llow 5GK, 881, 12:30-1, 
1233, 1244 

Indanthrene Y’ellow 7GK, 851, 996, 

1231- 3, 1248-50 

Indanthrene Yellow GN, 9:31 
Indanthrene Yellow^ R, 992 
Indanthrene Yellow’ 3R. 906 
Indanthrene Y'ellow 3RT, 906, 1231, 

1233, 12:39. 1245 

Indanthrene —hce Indarithiene Blue 
Indian Yellow, 408, 481 
Indigo, 1, 4, 6, 15, 138, 215, 650, 861, 874, 
1003-23, 1031, 1033, 1039, 1041-7, 
1052, 1109, 1226, 1241, 1281, 1296, 
1341-2, 1344, 1346-7 
Indigo R; RB; RR. 1020 
Indigo Carmine, :101, 1018, i;i07, 1:122, 
1347 

indigo Extract, 1018 
Indigosol AZG, 1042, 1052 
Indigosol O; 04B, 8, 245, 1047, 10411-50, 
1062, 1056. 1325 

Indigosol Blue IBC, 941, 1048 50, 1052, 
1056-7 

Indigosol Brilliant Orange IRK, 1050, 
1052 


Indigosol Brown IBR, 1049-50, 4062 
Indigosol Brown IBRD, 1052, 1050 
Indigosol Brow’ll IV D, I0:i5, 1051-2 
Indigosol Green, 1049, 1053 
Indigosol Olivo Green IB, 1063, 1057 
Indigosol Pink III, 1052, i:i25 
Indigosol Red IFBB, 1049-50, 1052, 1067 
Indigosrilh, 273, 280, 285-6. 1052-3, 
1265, 1295, 1324, 1334 
Indigosol Violet IIIU, 1030 
Indigosol Yellow V, 884, 1052 
1 nd igot in — see indigo 
Indigo White, 1007-8, 1017, 10:^3 
Indigo Yellow 3G, 1020 
Indiriibine. 100:4, 1005, 1012-3, 1021-2, 
1039 

Indoearhons, 1082, 1094, 1097 8. 1343 
Indochromogen S, 795 
lii<lo(‘vnninc 6B, 770 1 
Indoine Blue, 522, 767 
Indophenine, 774, 1023 
Imlophenoi Blue, 16, 763-4 
Indulmes, 3, 480, 761, 77:4-4, i:4:i8 
Indnline Scarlet, 765. 769, 780 
Ink Blues, 721 
Iodine Green, 3 
lonarmnes, 9, 637 10, 803 
Lvoviolanthrone - see Irulnnlhrone Violet 
R ^ 

Italian Green, 1078 

J 

Janus Blue G, 522, 767 
Janus colors, 520 2 
Janus Red B, 1267 
Jasmin, 408 

K 

Kiton P'ast Red 4Bli, 490 
Kitou Yellow S, 611, 1.302 
Krvogene Blue, 1078 
Kryogene Brown A, 1071 
Kryogene Y'ellow R, 1069 
Kryptoevanine, 246, 1151 3 
Kt 945, 1167-^ 

L 

Lake Bordeai4i BN, 486 
Lake Red, 486 
Lake Red Toner, 486 
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Lanacyl Blue BB, 182 

Lanacyl Violet BF, 488 

Lanafuchsin 6B, 489 

Lanasol Violet R, 5:15 

Lauth^s Violet, 791-2 

leather Yellow CIS, 759 

liight Green SF; SF yellowiHh, 802, 714 

Lithoi colors, 486, 499 

Lithol Fast colors, 108, 702-3, 1209 

Lunoiogen colors, 1207 

Luinogen 1^ Red OniiiKe, 999, 1207 

M 

Ma 1088, 1179-80 
Ma 2116, 1159 60 
Magdala Red, 768 

Magenta, 3, 19 707, 717, 723, 730. 

759, 1211. 1225, 1307, 1326, 1316 7 
Malachite Green, 1, 133, 243, 269, ,10.1, 
357. 363, 365-8, 372, 378-81, 387, 
396, 710 3, 718, 722, 1223 5, 1241, 
1323, 1327, 1316 7 
Manchester \ ello^ , 302, 105 
Martins Yellow, 405, 1321 
Mauve, Mauvcine, 1 3. 761, 767, 11 11 
Melanogen Blue, 1077 8 
Meldola’h Blue, 4, 214. 761, 781-2 
Mereurochrome, 303, 748 9 
Meta (Vlestine Blue, 781 
Metaehroiiic Blaek Blue G, 532 
Metachrome Blue Black 2B\, PBX, »532 
Metachronie Bordeaux R, 532 
Metachroine Brilliant Blue BL, HRI^. 
567, 532 

Metachrome Brown B; BC, I'B, 532 
Metachrome Green 2B, 532 
Mctachrome Olive Brown G, 532 
Metachrome Orange 3R, 525 
Metachroine Red BB, 5G, 617 
Metachrome Violet 2R 732 3 
Metanil Yellow, 4, 102, 411, 181, 1300 
Methylene Blue, 4, 99. 100, 244. 301, 303, 
331, 372, 379, 396, 761, 781. 792-4, 
1057, 1059, 1003, 1224. 1228, 1251, 
1323, 1327, 1339, 1346 7 
Methylene Blue 2AM; MT, NX, 794 
Methylene Green, 794 
Methylene Violets, 767, 1093, 1106 
Methyl Green, 367, 720, 1225 


Methyl Orange, 301, 357, 481, 1322 
Methyl Red, 301, 481, 1237, 1322 
Methyl Violet, 3, 14, 303, 719-20, 724, 
737-9, 1225, 1324, 1347 
Mikado Orange, 5, 629, 630 
IVlikado Yellow G, 631 
Milling Blues, 771 
Milling Orange, GN, 525, 484 
Milling Scarlet B, 517 
Milling Yellow HG, II3G; H50, 614, 517 
Modern Azunne DH, 784 
Modern Blues, 784 
Moiiern Heliotrope DH, 784 
Modern Violets, 784, 1336 
Monastrai Fast Blue B; BS, BVS; G, 
9, 246, 1118, 1128, 1133-4, 1140 
Monastral Fast Green G, 1133 
Monochrome Blue R, 532 
Monosol Fast Blue 2GS. 1135 
Moidant Yellow O, RL. 525, 566-7 

N 

Naphthalene Green V, 57, 716 
Naphthalene Orange G, 1300 
Xaphthamme Blue PBF, 513 
Xaphthamine Brown 4G, 572 
Xaphthamme Direct Brown V, 572 
Xaphthamme Fa^t Black RS, 577 
Naphthazann, 76. 244. 302, 564, 796-8, 
826. 1077 

Xaphthogen Blue B; 2R, 591-2, 1292 
Naphthol Black B, 504, 1291 
Xaphthol Blue Black B. 5, 410-J, 451 
459, 496-7, 1328 

Naphthol Green B, 312, 103, 1327, 1335 
Naphthol Yellow S, 120, 167, 241, 301-2, 
405, 1221, 1307, 1347 
Naphth>lamine Black D; 5GL, 504, 497 
Xaphthvlammc Brown, 485 
Xaphthylcne Red, 507. 515 
Ncocyanine, 1151-2. 1166 
Xeolan colors, 8, 28;i, 535-9, 562, 847. 
1333, 1343 

Xi'olan Red B, 536. 538. 616, 1328 
Neptune Blue BR, 715 
Neptune Green SBX, 714 
Norol B, 2B, 504 
Neutral Blue, 768-9 
Neutral Gray G, 503 
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Neutral Red, 764-5 

New Blue B; R, 781-2 

New Fast Blue F, 781-2 

New Magenta, 717, 723 

New Methylene Blue; CiG, 791, 782 

New Red 5R. 491) 

Nicholson Blue, 723 
Nigrosine C, 775 
Nigrosines, 1338 
Nile Blue A, 2B; BX, 782, 1347 
Nitiazol Black M, 504 
NitroHamine Red, 8, 223 
Nitroso Blue, 783 
Normal 'Icllow 3Gri, HU 

O 

Oil Red \0, 302 
Oil Vermilion, 70.1 
Oil Yellow, AB, 180, 183 
Orange 1; H, SS, 302, 183, 1307 
Orange II, I, 109, 411, 48.1, 12.10, 1299, 
1327-8, 1.347 

Orange IV, 4, 301, 408, 470, ISl 
Orange G; 20, 481, 1.102 
Orthochrome T, 1149 
Oxamine Blue B; U, 513, 592 
Oxamine Bordeaux B, 512 
Oxamine Brilliant Rod B, 510 
Oxamine Brown, 572 
Oxamine Dark Brown BG, 572 
Oxfimine Red 3B, X, .507, 511 
Oxamine Violet, 592 
Oxydiaminc Black T, 577 
Oxydiaraine Brown G, .572 

P 

Palatine Black A, 496 
Palatine Chrome Browm 2G, .529 
Palatine Chrome Violet, 529 
Palatine Fast Blue GGN, 241, 5.18, 562 
Palatine Fast colors, 283, 5.35, 538 9 
562, 1208, 1333 
Palatine Scarl^jb, 485 
Para Black R, 514, .597 
Para Browrn; RK; V, 482, 596 
Paradone Brilliant Orange GR; RK, 
1239 

Paradone Direct Black, 968 


Paradone Golden Yellow OK, 1240 
Paradone Yellow G, G New, 992. 1233, 

1239 

Paradone Yellow GC, G<*X, 1116, 1233, 

1240 

Paiadono Yellow 5GK, 881. 1210, 12U 
Paiadoiic Yellow 3RT, 1239 
Para Fast Brown GK; GR, 516. 596 
PjiramincB, 1195 

Para Red, 1, 7, 106, 223, 226, 421, 6i50, 
688, 703 

Pararosaniline, 324, 708 9, 717 24 
Patent Blues. 497, 715 
Patent Phosphine, 758, 1323 
PeCV colors. 646, 1206 
Pelhdol, 1320 

Pen Wool Blue B “ F.’’ 536 

Perlon colois, .541, 808 

Permanent colors, 486-7, 702 4, 1209 

Permanent Red G. 1209 

Phenocvanincs, 78.5 

Phenol Blue, .129 30, 386 

Phenolphtlialein, 301, 4.38, 7.14 5, 1015 

Phenol Red. 736 7 

Phcnosafranine, 706 

Phenylone Blue, 762 .1 

Phloxmc N, 749, 1323 

Phosphine, 3, 759 

Phthalogen Brilliant Blue F3G; IF3G, 
1142 

I’lgment Black, 777 
Pigment (^iiniine 3B, 480 
Pigment Chlorine GG, 408 
Pigment Fast Violet H, 786 7 
Pigment Fast Yellow, 616 
Pigment Green, Salt, 300, 402 3 
l^igment Lake Red LP, 486 
Pigment Orange R, 703 
Pigment Purple, 703 
Pigment Red, 703 
Pigment Rubinc FBH, 703 
Pigment Scarlet, 486 
Pimichrome, 1144, 1149 
Pinachromc Blue, 1151 
Pinachrome Violet, 1 149 
Pinacyanol, *7, 1114, 1150-1, 1154 
Pinakrvptol Green, 768, 1184 
Pinaverdol, 7 » 1144, 1149 
Pluto Black 5BS, 598 
Plutoform Black, 598-9 
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Pluto Orange G, 510 
Polar Bluesi 771 
Polar Brilliant Red 3B, 489 
Polar colors, 490, 503 
Polar Orange G; GS, 518 
Polar Red G, 51 1 
Polar Yellow G, 2G; 5(i, 615 
Polar Yellow 11, 1302 
Polar Yellow Brown, 406 
Ponceau 2G, 4GBL; R; 2R; 3R, S\ I, 
302, 474, 48 1 5, 615 
Ponceau 5R; 3RB, 1208, 199 
Ponsol Black BA, 066 
Ponsol Brilliant Green 4G, 19 
Ponsol Yellow G, 902 
Primazine Orange G, 486 
Pnmuhne, 5, Sil, 234, 212, 201, 207, 153, 
476, 510, 500, 618, 1050, 1068, 10<)2, 
1113, 1278, 1202, 1335 
Proflavine, 755-6 
Prune, 783 
Pseudocyanmc, 1148 
Purpurin, 820, 825, 820-30, 836 851 
Pvratnine Orange 30, R 506, 510 
Pvranthrone, 138, 951 3, 085, OSO 1231 
1236, 1240, 1245 8 1250 1 
P^ razolanthrone bellow 00^ 

P\ia/olo Blue, 1006 
P>razol Orange, 612 
Pvrogene Deep Black 1080 
Pvrogeiie Direct Blue, 1076 
Pyrogene Gray, 1076 
Pyrogene Green, 7, 1078, 1005 0 
Pyrogene Indigo, 1077, 1081 l0O5-(>. 

1100, 1106 

Pyrogene \cllo\\^, 1068 
Pyionine G, 243, 7 15 6 

Q 

Quinalizaiin, 826, 829-30 
Quinoline Blue, 3 1141, 1140 
Quinoline Red, 1114 
Quinoline Yellows, 210, 217, 1197 9 
1336, 1338 

R 

Rapidazol colors, 691 
Rapid Fast colors, 651, 690 1 


Rapidogen colors, 693 
Reflex Blues, 724 
Reflex Violet A, 724 
Resorcin Brown, 195 
Rosorein Dark Brown, 175, 405 
Resorcin Yellow, 180 
Rh*K)ninc AL, 760 

Rhodamine B. 301, Vi2 737, 750-1, 1208, 
1211 1223, 1307, 1U6 
Rhodamine 3B, 5G, 6G, 4GD, 5GD, 
3GO, 6GP S, 737 9, 745 6 750-2, 
1208 1B3 

Rhoduline Blue 5B, OG, 71 i 738 

Rhoduline Heliotrope 3B, 767 8 

Rhoduline Orange NO, 758 

Rhoduline Puie Blue 3G, 78 i 

Rnanol, 757, 1320 

Rosaniline, 243, 707 717, 723 

Rosa dlirene O, 103, 593 

Rosanthreiie Br^rdeaux B, 516 

Rosanthrene colors, 7, 493 

Rose Bengal B, GTO, 301, 749, 1323 

Rosindulme, GG 769 70 

Rosolic Add 2 730 

Rosophcnine lOB, 126 476, 627 

Ri 310 1167 

Ur 1523, 1167 

Rr 1650, 1161 

Rr 1953, 1180, 1182 

Rr2632, 11 SO 1 

Huhgallol, 825 

S 

Safranin.s 13, MN, OO T, 3, 244, 301. 
521-2, 761, 766 0 1181, 1211, 1307, 
1323 1327, 1346 7 
Salicine Black RLF 531 
Salicine Blue Black VI., 531 
Salicine Bordeaux (1 -see Krioehroine 
Red B 

Salmon Red, 507 
Salm Red 507 

Sandiithrene Orange N IG. 12.33 

Saturn Yellow 3G, GO, 5GL, 61 1 

wScarlet R, 1321 

Scarlet Red, 499 

S<»arlet Red Sulfonate, 199 

Soheekfarhe AS, 749-50 

Sonsitol Green, 1 1 19 
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S^ntttol Red, 1150 
Setos^aucine O, 713 
Silk Fast Gray BB, 531 
Silk Printing Black M, 578 
Silk Red G, 487 
Silk Yellow OF, 481 
Sinus Black L, 606 
Sirius Blue B, 1017 
Sirius Blue FG; 6G, GR. 427, 573-4 
Sirius Bordeaux 5B, 501 
Sirius Brilliant Blue RL, 786 
Sirius Brilliant Violet F3Bli, 788 
Sirius Brown RV, 574 
Sirius C\»rinth B, 500 
Sirius Gray O; GB; R; HR, 575, 577 
Sirius Green GT, 546 
Sirius Light Blues, 786-0, 1336 
Sirius Light Green FFGL, 1 136-7 
Sinus fiight Green GG; GGL, 780 
Sinus Light Turquoise Blue (fL, 10, 1135 
Sirius Light Violet FFR, FUL, 780 
Sirius Orange I, 635 
Sirius Pink BB. 615 
Sirius Red 2B; 4B; 6B, 500-t 
Sirius Red F3B, 581 
Sirius Ruby Re<l, 501 
Sirius Scarlet B, 627 
Sirius Supra Blue RR, BRR, G, 6G 
573-4, 455 

Sirius Supra Blue FBGL, GL, 3RL, 545 
Sirius Supra Blue FFGL, 581 
Sirius Supra Blue' FFR; FFRl^, 786 7, 
1336, 1343 

Sirius Supra Blue F3R, 502 
Sirius Supra Brown BRLN, BRS, 5G, 
546 

Sirius Supra Brown G, 582 
Sirius Supra Broivn R; 3R, 633, 1208 
Sirius Supra Brown Rl), RL, 574 5 
Sirius Supra Brown 3RTi, 581 
Sinus Supra Brown RT, 606 
Sirius Supra Gray GG, VGL, 577, 547 
Sinus Supra Green BB, 574, 788 
Sinus Supra Green BTlw, 21, 545 
Sirius Supra preen FFGL, 1136 7 
Sirius Supra Olive GI., 547 
Sirius Supra Oranges, 632-3, 635 
Sirius Supra Red Violet RL, 545 
Sirius Supra Rubine BBL, 545 
Sirius Supra Scarlet GG, 633 


Sirius Supra Violet BL, 546 
Sirius Supra Yellow, 479 
Sirius Supra Yellow FFRL; R; 2R; RT, 
581, 602, 624-5 
Sirius Violet BB, 501 
Sinus Yellow G (li), 896 
Sirius Yellow G (IG) , 2G; R, 580-1 
Skv Blue FF, 478, 1264-5, 1268, 1272, 
1331 

So-l)yc-Vat Blue RI), 1102 
Solacet colors, 646-7, 812, 1334, 1336, 
1344 

Solamin Brown 4UL, 577 
Solar Orange RGL, 478 
Solazol Red 2B, 1051 
Soledon Blue 4B(’S, 1017, 1052 
Soledon Blue 2110, 938, 941, 1048, 1052 
Soledon colors, 1052 3, 1295, 1334 
Soledon Dark Blue 2RS, 1048, 1052 
Soledon Jttdo Green XS. 1048, 1053 
Soledon Orange 4R, 1048, 1052 
Soledon Yellow G, 1018, 1052 
Solid Blue, 771 
Solivap Green 301 
Soluble Blue, ,1 723 1 
Solublf‘ Skv Blue, 721 
Solwa\ Blue B, BS, 848, 1327 
Solway Blue R, 838. 1300 
Solwav Blue Black B, 851 
Solway Green G, 837 
Solwav Purple R, 819, 1300 
Sohvav Rubinol R, 853 
Solway Skv Blue BS, 838 
Solway Ultra Blue B, 810, 1300 
SorJunc Red, 184 
Special Blue G, 737 
Spinning colors, 702-4 
Spirit Blue, 723 
Spirit Eosme, 748, 1323 
Spirit Fast Rod 3B. 753 
Spirit Fast Violet R, 753 
St. Denis Red, 516 
Stilbene Yellow 8G; 3GX, 630 2 
Sudan 111, 1321 
Sudan colc^s, 702-3 
Sulfanthretie Blue GR; RNN, 1102 
Siilfanthrefte Yellow R, 1110 
Sulforhodajtnme B; G, 746 
Sulfur Blaise T, 5, 74, 246, 280, 511, 776, 
1061, 1066, 1080-5, 1089, 1098, 1343 
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Sulfur Blue, 15, 280 
Sulfur Brown, 16 
Sulphine Brown, 1071 
Sulphon Acid Blue B, R, 2H, 1S8, PiO 
Sulphon Acid Green 2BL, 197 
Sulphon Black R, 504 
Sulphon (Vanine Blacks 501 
Sulphon Cyanines, 503 
Sulphon Orange G, 615 
Sulphon \ellow 50, R, 517, hit 
Sunset Yellow KCF, 302 
Sun Yellow, 4. 629, 03 1 
Supra Light Yellow OOL, 1 19S 
Supraminc Black BR, 491 
Supra mine Blue KO, 771 2 
Supramine Blue R, 490 
Supramme Bordeaux B, 190 
Supraminc Brown, 485 
Supramme Orange 9939, (j 191 1S4 
Supramine Heda 184, 188 90 
Supramme YVllows 6 11 I 
Supranol Blue G(r S12 I 
Siipranol Bordeaux B 51 S 
Supranol Brilliant Blue (} 811 
Supranol Brilliant Hul IB OB IB (• 
189, 491 

Supiunol Brown 5R, 501 
Supranol dves, 517 8 
Supranol Orange GS RR 517 8 
Supianol Red BB, BK, RX, 517-8 
Supranol Scarlet FG FGX , G GN, 
517 9 

Supranol Yellow 615 
T 

Tartrazme, GG\, XS G 102 474 008 
11, 1127 1147 

Thiazole Yellow G, Gl/027 581 
Thiocarnime R, 794 
Tliiocateebine, 1071 
Thioflavino, 624-5, 738, 1217 1335 
Thiogene colors, 107 1 
Thioindigo Red, B, 3B, 7, lOU, lOll 
IO:i3-8, 1234, 1296 1324 
Thioindigo Scarlet G, R, 245, 1005-6, 
1040 

Thion Blue B, 1076 
Thion Brown, 1071 
Thionine Blue GO, 794 


Thionol, 793-4 
Thionol Black, 1080 
Thionol M d\es, 1087 
Thionol Purple 2B, 1074 
Thionol Lltra C»reeii B, 1110 1 
Tliionone Brilleint Green GG, 1079 
Thion Violet**, 1074 
Thiophoi liuligo, 1084 4 
Thvinol Blue, 737 
Th>molphthalein 736 
Tmon ( hlorine Red Violet 2R\, 920 
Toluidmo J4Iue 850-1 
Toluidine Blue O 794 
Toluidine (In en 850 1 
Toluvleiu Blue 764 774 
Toliivlem Blown G 3M, R T, \\ R, 520, 
572 577 

Tolmlime I i-»t Brown 3G, 57 4 
Tol rie 1 ast Orange GL 618 
Toliivhne Orange G R RR, 510, 596, 
520 

ToluGene Yellow RL 520,611 
Tohl Blue \B 488 
Tiiazol Dark Blue B 571 
Triarol Orange B 571 
Triarol Pure Blue R 514 604 
TriMilphon Blue R 51 4 
IriMilphon Brown 14 G GG 576-7 
Tiisulphon Violet B 512 
Tivpafla\ino, 756, 1241 1420 
Tr\pan Blue 304 514 
Tivpan Red, 304, 514 
rrvpiri Violet, 515 

Turk. N Red, 272 279 650, 688 820, 
1208, 13‘48 1 444 
Turquoise Blue 713 
Tu^kalm Orange ON, 703 
Tuskalin Red 14, 704 
TMinn PurpU 2 861 1018-9 

U 

I Itr n >aniiie B, 785 
(’ranine 747 
Ursids 1195 

V 

Vat Brown IV^D, 1035 
Vat Olive Green, 1002 
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Vat Orange R, 15 
Vat Red 3B, 16 
Vat Violet RR, 1030 
Vat Yellow GC, 15 
Victoria Black B, 504 
Victoria Blue B; R; 4R, 721-2, 1267, 
1323, 1347 

Victoria Fast Violet B; RR, 485, 400 
Victoria Pure Blue BO, 722, 737-8 
Victoria Violet 4BS, 492 
Victoria Yellow, 302 
Vidal Black, 5, 1059-60, 1078, 1080 
Violamme colors, 753 
Violanthrone, 955, 958, 963-5 
Vulcan Bremen Blue N, 737 
Vulcan Fast Blue 5G, 1129 
Vulcan Fast colors, 702- 1 
Vulcanosin colors, 487 

W 

Water Blue, 723 

Wool Black N, 539 

Wool Blues, 726, 728 

Wool Fast Blues, 729-30, 771, 1224 

Wool Fast Yellow 3GL, 613 


Wool Green S, 168, 716 
Wool Silk Yellow G, 611 

X 

Xanthoapocyamne, 1147 
Xeiiocyamne, 1153 
Xylene Blue VS, 715 
Xylene Cyanol FF, 301 
Xvlone Fast Orange PO, 312 
X\lene Fast Yellow 2G; 2GP, 474, 613, 
312 

Xyl^'nol Blue, 737 

Y 

Yellow AB; OB, 302 

Z 

Zambesi Black D; V, 503, 591 
Zambesi Orange 11, 626 
Zapon Fast Blues, 783, 1136-6 
Zapon Fast colors, 540, 1208 
Zapon Fast Yellow O, Oil 




